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ABSTRACT 

This report focuses primarily on the technological 
dimensions of competitiveness m the United States with its 
capability to: create and effectively use technology; increase the 
va^ue added to goods and services through the application of 
technology; manage technology m industry for more effective 
relationships among companies, universities, and the government in 
the creation and use of technology; and develop a motivated work 
force capable of adapting to a technologically dynamic workplace. The 
roles and performance of industrial, governmental, and educational 
institutions involved in and responsible for the generation and 
application of technology for commercial purposes are discussed, and 
proposals for action are offered. The coda of the committee is 
provided along with committee membership. (MVL) 



********************** 

* Reproductions supplied by EDRS are the best that can be made 

* from the original document. 



A Report to the Council of 
the National Academy of Engineering 



The 
Technological 
Dimensions 
of International 
Competitiveness 



Prepared by the Committee on 
Technology Issues that Impact 
International Competitiveness 

Washington, D.C. 1988 



ERiC 



3 



In recent years the issue of 
national competitiveness, the 
ability of U.S. industry to compete 
in global markets, has become i 
central concern both for 
policyrp.akers in industry^ and 
government and for individuals. 
The ability of the United States to 
maintain or increase the standard 
of living of U.S. citizens m the face 
of increasing global economic 
competition is a multifaceted prob- 
lem It is affected by a wide array 
of factors, including monetary' and 
fiscal policies, industrial practices, 
the structure and behavior of 
financial markets, social norms and 
expectations, and technological 
capabilities. 

Technological advance plays a 
central role both in changing the 
environment of competition and 
in providing firms with a 
capability to excel in their 
products and processes. This 
report focuses on the role of 
technology and engineering in 
improving U S. competitiveness 
and offers some important ideas, 
drawn from the engineering 
worid, for the directions needed 
to improve competitiveness. In 
particular, the themes of quality 
and continuous improvement in 
actions, policies, and organizations 
are recognized in this report as 
central to achieving national 
competitiveness. 

Opportunities for improve- 
ment in the technological aspects 
of U.S. competitiveness do not 
exist solely within the domain of 
any one institution: industry, 
government, and academia all 
share responsibility for more 
effective creation and use of 



techriology in the U.S. economy 
In short, improvements in U.S. 
competitiveness cannot be 
achieved by any quick, single 
action or by any one sector of 
society acting alone. This obser- 
vation holds true whether the 
opportunity and necessary action 
call for improving the effectiveness 
of governmental regulatory 
procedures, strengthening the 
capability of U.S. producers to 
commercialize ne\\ technologies, 
increasing the efficac) of industr>- 
university R&D relationships, or 
rationalizing the role of the U..S. 
government in bridging the gap 
between scientific discover) and 
commercialization. This report 
describes many actions required of 
industry, government, and 
educational institutions. 

To probe the technological 
dimensions of the competitiveness 
issue, the National Academy of 
Engineering convened a com- 
mittee of its members drawn from 
industry, government, and aca- 
demia. The committee was charged 
with a broad examination of the 
issue of technology and 
competitiveness, being as 
comprehensive as possible while 
s>nethesi/ing the large amount of 
available information about what 
is v.hviously a complex and 
controversial topic The committee 
focused on the application (;f 
technok)gy in industrial settings, 
on strengthening the support of 
research and development for 
commercial purposes, and on 
selected issues in educatk)n. The 
committee did not explicitly 
explore the role of basic research 
in the support of technological 
devek)pment but proceeded on 



the assumption that the United 
Slates must maintain a vigorous 
effort in basic research to maintain 
its world leadership in science as 
the l()ng-term underpinning of its 
economic growth. 

In reaching its judgments, the 
committee drew heavily on the 
wealth of analyses and reports on 
competitiveness, ir.cluding recent 
efforts by the National Academy of 
Engineering and the National 
Research Council. A number of 
the topics addressed have been 
widely debated in other forums, in 
particular the appropriate role of 
government in supporting research 
upstream from commercial appli- 
cations but significantly down- 
stream from basic research. 
Although committee members 
held div^ergent views on this topic, 
there was agreement on the need 
for a careful reexaminatk)n and 
rationalizatk)n of the government s 
role. 

The committee, cochaired by 
W. Dale Compton and Gjorge E. 
Solomon, deserves the special 
thanks of the National Academy of 
Engineering for its efforts on 
behalf of this project. The cc^mmit- 
tee was supported by the NAE 
Program Office, and thanks are 
due to James H. Schulman, 
consultant to the project, Bruce 
Guile, associate director of the 
Program Office; II. Dale Langford, 
NAE editor, and Mary Jay Ball, 
administrative secretary. 



Robert M. White 
President 
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Summary 



A nation's conipciiiivcness is 
the degree to which it can produce 
goods and services that meet the 
test of international markets while 
simultaneously maintaining or 
expanding the real incomes of its 
citizens. This national capability is 
affected by a wide array of national 
and international economic 
conditions, government policies, 
societal norms, industrial practices, 
and technological developments. 

This report, while acknowl- 
edging the complexity and 
diversity of factors affecting 
competitiveness, focuses primarily 
on the technological dimensions of 
competitiveness—the capability of 
the United States to create and 
effectively use technology, to 
increase the v;Jue added to goods 
and services through the applica- 
tion of technology, to manage 
technology in industry, to form 
more effective relationships among 
companies, universities, and the 
government in the creation and use 
of technology, and to develop a 
motivated work force capable of 
adapting to a technologically 
dynamic workplace. 

The roles and performance of 
instituMons— industry, govern- 
ment, and educational institutions 
— involved in, and responsible for, 
the generation and application of 
technok)gy for commercial 
purposes are discassecl, and 
proposals for action are offered. 
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Industry 

In the United States the 
design, development, production, 
and marketing of goods and 
services for world markets are 
carried out by private businesses. 
Consequently,^ U.S. industry— 
particularly U.S. -based production 
— bears a responsibility for 
constant improv^ement of its 
effectiveness in creating and 
bringing products to market. 
Although individual businesses 
must choose strategies and tactics 
that fit specific competitive 
conditions, a commitment to good 
engineering practice — the careful 
attention to function, processes, 
and materials— is often the primary 
means for improving the quality 
and cost of a product or service. 
Developing consistent and mutually 
supportive technical and busi- 
ness strategies is increasingly 
critical to the long-term success of 
a company. 

■ U.S. industry must commit 
itself to offering world-class 
products and services at com- 
petitive costs. The conmiittee 
urges U.S. industry to embrace 
the concept of a product reali- 
zation process^ the importance 
of strong employee involve- 
ment^ and a commitment to 
continuous improvement. 
(See fxiges 27 through 30 for a 
discussion of i?iciustrys role ifi 
V S competitiveness and a 
definition of terms,) 



Government 

A wide range of government 
policies, proccdires, and regula- 
tions cntically influences the 
behavior and performance of 
industry. This report addresses 
both the effect of government 
economic and regulatory policies 
on the competitiveness of U.S. 
industry and the role of govern- 
ment support of the R&D 
enterprise related to industry and 
com.mcrce. With regard to eco- 
nomic and regulatory policies, the 
committee concludes that balance 
must be maintained between the 
goals of regulations and agency 
actions and the nation's economic 
competitiveness. 

The dynamic nature of 
economic, political, and 
technological developments 
requires that government 
policies be constantly re- 
viewed and adapted to ensure 
that they not only achieve the 
desired social, political, and 
national security purposes, but 
also support — or at least do 
not impair — our international 
competitiveness. 

W^th regard to government 
support of the national R&D 
enterprise, the changing character 
of global economic competition 
justifies a c:^reful reassessment of 
the role of the federal government 
in supporting technical activities 
related to the civilian sector. In 
particular, the globalization of 
markets, cooperation among for- 
eign producers to reduce their 
technology development costs, 
;;:xl foreign government support 
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of foreign firms have changed the 
competitive environment for U S. 
firms. 

There are, in the committee's 
judgment, a number of emerging 
roles for government that could, if 
successfully implemented, enhance 
U.S. competitiveness: government 
policies that stimulate industry to 
create new products and improve 
productivity; government actions 
that permit and even support 
industry-wide consortia for the 
joint development of production 
technology, government contribu- 
tions to the early development of 
innovative technologies ultimately 
intended for the commercial 
sector; and changes in the role of 
the federally supported 
laboratories. 

Movement in a usefrl direc- 
tion with regard to these new 
challenges for government 
requires several actions. 

■ Mechanisms should be devel- 
oped that encourage govern- 
ment and industry to work 
together more effectively to 
anticipate technological chal- 
lenges. 

B The federal government must 
use its diverse capabilities to 
broadly encourage the techno- 
logical developments that are 
critical to sustaining the 
competitive interests of the 
nation. Effoits need to be 
focused through a designated 
entity that can effectively 
respond to industry initiatives 
and interact witli nongovern- 
ment groups, including industry. 



H To ensure access to the 
proper information and ana- 
lytic capability, the govern- 
ment should foster the 
creation of a supporting 
activity that, with private- 
sector participation, could 
provide high quality, in-depth 
analyses of the factors 
affecting the ability of civilian 
industrial sectors to compete 
in global markets. 

If government is to develop 
an expanded role in support of 
R&D related to industry and com- 
merce, it must rationalize its 
efforts and focus them in a 
consistent and logical fashion. The 
committee recognizes that recom- 
mendations regarding new govern- 
ment roles in technological 
activities downstream from basic 
research raise a number of un- 
resolved concerns about imple- 
mentation and the prerogatives of 
both the private and the public 
sectors. Readers are encouraged, 
therefore, to consult the full text 
of the report {especially pages J/ 
through 46) to understand both 
the logic leading to the recom- 
mendations and the qualif) ing 
statementr. the committee felt must 
accompaiiv the recommendations. 



State governments also play 
an important role, in part because 
they have capabilities and attitudes 
that are not easily duplicated at 
the federal level; state govern- 
ments are generally more aw^are 
of, and responsive to, the needs of 
local industr)', making it easier for 
them to interact with small busi- 
ness and experiment with innova- 
ti\ e, specialized programs than for 
the federal government. 

■ State governments should 

□ strengthen and expand their 
local industrial base through 
the development and dis- 
semination of technology and 
know-how that can be 
effectively used by small 
businesses to improve their 
productivity, 

□ continue to support the 
initiation of high-tech small 
businesses, 

n strive to create a favorable 
environment for all business 
operations, and 

LJ seek to improve the quality 
of the education systems 
within their boundaries. 

(See pages 47 through 49 for a 
discussion of the role of state 
goveniwe?its.) 
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Education System 

To be illiterate in a technologi- 
cally dependent society is to be 
tnipped. Literacy is a prerequisite 
of entr)' into most positions in 
both the manufacturing and the 
service sectors, and advancement 
and upward mobility almost always 
require strong basic skills in 
language and mathematics. Quality 
in education is every bit as 
important to tlie United States 
as is quality in products, serv- 
ices, or government. A national 
strategy is needed that will 
intensify current efforts to improve 
public education at primary and 
secondary levels. A kev ingredient 
in accomplishing this is the 
establisnment of finn and realistic 
objectives to guide continuous 
improvement of school programs. 

Ensuring an adequate future 
supply of engineers and scientists, 
particularly the number of women 
and minorities who choose science 
and engineering as a profession, is 
a recent concern. Since the supply 
is deterfxiined, in no small way, by 
early educational experiences in 
mathematics and science courses, 
primary and secondary school 
systems should establish objectives 
for improving the quality of the 
mathematics and science programs 
and for developing opportunities 
for students lo understand more 
completely chc nature of a 
technical career. Improvement in 
precollege mathematics and science 
programs is critically dependent on 
the availabilicy of competent 



teachers. School systems can retain 
good mathematics and science 
teachers only if increased effor is 
made to provide salaries and 
benefits that are competitive with 
other sources of employmenc and 
if the working conditions ?sc 
improved so that teachers can 
experience increased professional 
recognition and development (see 
pages 55 through 58). 

The U.S. system of higher 
education ranks among the best in 
the world in providing both 
undergraduate and graduate 
students with an enriching educa- 
tional experience. The recognition 
that many technical areas are 
increasing in importance to indus- 
try', and the growing interest of 
students in exploring areas that 
relate to the needs of industry, 
have stimulated many colleges and 
universities to experiment with 
new ways of offering students an 
opportunity to study and to 
develop special skills. Resources 
need to be provided to colleges 
and universities to encourage 
experimentation and establish- 
ment of new programs and 
curricula that will lead to 
improved industrial competi- 
tiveness- Government and 
industry must share in 
providing tiie necessary" 
resC'urces* 

One measure of the high 
regard in which the U.S. system of 
higher education is held is the large 
number of foreign nationals that 



come to the United States to study 
and to do research. While there is 
some concern with the high frac- 
tion of foreign-national students in 
U.S. graduate engineering pro- 
grams, and with the number of 
foreign-born faculty members in 
entry^-level positions in engineering 
schools, the committee believes 
that the appropriate focus of 
concern should be the small and 
declining proportion of U.S. 
citizens who are choosing to 
undertake studies for advanced 
degrees in engineering. 

■ The federal government 
should develop an incentive 
program to encourage more 
United States citizens to pursue 
advanced technical degrees in 
fields that are increasingly 
dominated by non-U.S. citizens. 

Not only are fewer U.S. 
citizens entering the technical labor 
force, but present immigration laws 
reduce the opportunity for U.S. 
firms to employ the foreign 
nationals who have been tiained 
in, and have graduated from, U.S. 
colleges and universities. 

■ Consideration should be 
given to modifying existing 
laws and regulations that 
prevent retention of U-S*- 
educated foreign naitionals with 
advanced degrees in science 
and engineering* This human 
resource, educated in U.S. schools, 
should be available to U.S. 
employers (see pages 61 through 
63). 
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Universities have recently 
become involved in efforts to 
apply technology developed in 
their laboratories to solve problems 
important to industr)-. This trend 
has led to the creation of a vanety 
of new alliances between industr)^ 
and universities. These alliances 
reflect the changing role of 
universities in national economic 
development and may have broad 
implications for the health of the 
universities. 

■ The implications of new 
alliances between industry and 
academe can be best explored 
by imdertaking a study of 

□ how U.S. colleges and 
universities are affected by 
their activities in varims 
aspects of the commercializa- 
tion of products and processes, 
and 

□ the means by which 
technical understanding and 
developments are tiansferrcd 
to industry. 

The study should explore 
various means of improving the 
capabilities of universities to 
participate in aspects of the 
commercialization process and 
should examine actions that might 
be taken to improve the effec- 
tiveness of the transfer of 
technology to industry without 
compromising the primary func- 
tions of universities in research and 
teaching. (See pages 50 through 53 
for a discussion of issues 
surrounding higher education.) 



It h«is become increasingly 
clear that lifelong learning is critical 
if U.S. citizens are to cope effec- 
tively with the complexities and 
rapid changes of modern society. 
Career-long educational needs of 
the work force are extraordinarily 
diverse and pu:.e many problems 
for the worker, employer, and 
education system. Since career-long 
education is an increasingly 
important element in maintaining 
the viability of the work force, a 
major challenge is to ensure that 
American industry create an 
environment that will stimulate 
personal career and intellectual 
growth. 

■ The long-range need for a 
capable and adaptive work 
force requires that continuing 
education become an integral 
part of the career development 
of each individual, partiicularly 
of every scientist and engineer. 
Industry, government, profes- 
sional societies, and educa- 
tional institutions share the 
responsibility for creating a 
system that will be of high 
quality and will encourage the 
employee and the employer to 
invest in obtaining skills of 
future value both to the 
individual and to industry. 
(See pages 64 through 67 for a 
discussion of continuifig 
education ) 



Coda 

The committee is hopeful that 
readers will recogni/.e and endorse 
a pervading theme of this report — 
the concept of continuous im- 
provement. Continuous 
improvement — in education 
and research, in product 
development and improve- 
ment, in process improvement, 
in government, and in blend- 
ing the mutually supportive 
strengths of ah national 
institutions — is critical to U.S. 
welfare and to the mainte* 
nance of a strong competitive 
position in a modem global 
economy. 
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Introduction 1 



Competitiveness is the degree to which a 
nation can, under free and fair market 
conditions, produce goods and services 
that meet the test of international 
markets while simultaneously maintain- 
ing or expanding the real incomes of its 

Ct ttZ SflSm IhvsicJent Commissiou oti huitistrtal 

Com[)ctunv7iess, January l<J85 



Can products and services 
produced in the United States 
compete successfully in the world 
marketplace? Should one view the 
large U.S. trade deficit, the 
domination by overseas 
manufacturers of major markets for 
technologically advanced products, 
and the fact that many common- 
place consumer products are now 
manufactured overseas as 
important indicators of funda- 
mental changes in the capability of 
U.S. industry to compete? Do shifts 
in employment among various 
sectors of the eco^iomy indicate 
that the United States is in danger 
of losing the ability to continue to 
provide meaningful employment to 
large segments of the population? 
These are but a few of the 
questions that are at the heart of 
concerns about national 
competitiveness. 

The overall economic 
environment — real interest rates, 
inflation, prevailing wage nites — is 
critical in determining whetner a 
firm can improve its productivity, 
create new products and services, 
and compete in world markets 
with U.S.-produced goods and 



ser\1ces Macroev'^onomic, fiscal, 
trade, and regulatory policies are 
critical ueterminants of this 
environment. 

Each firm must,^ of course, 
fashion a strategy that recognizes 
the special character of its business 
situation, the influence of the 
general economic environment, 
and the opportunities and 
constraints of technology. This is 
especirJly important because 
government policies may affect 
each firm, industry, and sector 
differently. Capital-intensive 
industries will be strongly affected 
by macroeconomic policies 
affecting the cost and availability ui 
capital, and policies such as 
depreciation schedules and 
investment tax credits. Those 
industries that invest heavily in 
R&D will be concerned with R&D 
tax credits and the treatment of 
R&D investments and expenses. 
Some industries will be more 
heavily influenced by export 
controls; others will be concerned 
with the stability of exchange nites 
or with the protection of 
intellectual property rights. 



7^1 research and develop- 
ment, netv production 
methods are generated, 

then the economic growth can 
continue. . . . The conclusion is 
then that in the long run, 
technological development is 
the major factor behind 
economic grotvth. 

Source: I 
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Introduction 



To an increasing degree, 
biisine.*^5cs are recognizing that a 
successful competitive strategy 
includes the effective use of tech- 
nology. Many opportunities exist 
for incorporating new technolo- 
gies into products and processes. 



New mateiiaLs, communication 
technology, and production 
tec hnology are advancing? rapidly. 
Each Cim have a pervasive impact 
on products and processes that 
are central to our competitiveness. 
Furthermore, developments in one 



field can have profound effects on 
another. For example, hardly a 
business exists today that is not 
influenced in some way by the 
computer, which depends on the 
technologies of the 
semiconductor. 





Increased Capability; Decreased Cost, 
Size, Power Requirements 
For 



Computers 




Medical 

Tonography 

(CAT Scan, MRl) 
General Medical 

Diagnostics 



Government 

Defense 
"Smart Weapons" 
Comnfwnd & Control 

Law Enforcement 

ins Data 

Trade. Cr^ ,riercial,and 
Demographic Statistics 



Transportation 

(Air. Rail. Sea) 

Scheduling 

Passenger Reservations 
Baggage handling 
Navigation 
Traffic Control 



tl 

m 



The impact of teclinology on economic development: new 
processes, products, and services. 
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Introduction 



This report is intended to 
contribute to the discussion of U.S. 
competitiveness in the world 
marketplace. The basic premises of 
the report — the foundations on 
which the analysis and recom- 
mendations are built — are that the 
U.S. economy is increasingly 
dominated by global forces and 
that the standard of living of U.S. 
citizens will be increasingly 
determined by the ability of U.S. 
industry^ to compete in the world 
marketplace. 

While acknowle Iging the 
broad character of natijnal 
competitiveness, the report does 
not attempt to vinaly/e or discuss 
all of the factor> rh.'i determine our 
national compet ^uess. Rather, it 
concentrates :se issues that 
relate to the > )n and effective 
use of techi providing 
new and imp wed piwducts and 
services and on the factors that 
contribute to the ability of firms to 
increase the v^ilue added to 
products and services produced in 
the United States. It is concerned 
with business practice,^ related to 
the management of technology and 
the effective use of engineering in 
improving products and ser\ices, 



V ith the formation of more 
effective relationships <UTiong 
companies, universities, and the 
government, with the development 
of a more capable md motivated 
work force, :md with government 
policies that influence the 
efficiency of those institutions th*it 
develop and use technology. 

Although science and technol- 
ogy are of criticiil importiince in 
maintaining and improving U.S. 
competitiveness, it must be 
emphasized at the outset that 
improved nation<il competitiveness 
cannot be achieved by any quick,^ 
single action or by technologiciil 
means alone. Moreover, no single 
sector of American society acting 
iilone can reestablish U.S. 
competitiveness. Improving the 
performance of U.S. -based 
production in world markets is a 
matter of continuous, concerted 
action by all — business, labor, 
government, and the education 
community. This holds tme 
whether the necessary action is 
improving manufacturing processes 
and manufactured products, 
strengthening the ability of U.S. 
producers to commercialize new 
technologies, improving the 
efficiency of governmental opera- 



tions, increasing the effectiveness 
of the U.S. education system, or 
developing an incentive system 
that encourages long-tenn savings 
and investments. 

The challenge that America 
faces is to create an awareness oi 
the urgency for action and the 
need to marshal the necessary 
resources. As a nation, we have 
responded with vigor to perceived 
threats to national security, public 
health, safety, and the environ- 
ment. We are now confronted by a 
serious threat of another kind — a 
threat created not by any 
malevolent force from another 
nation but by the changing 
character of economic competition 
that has developed among the 
trading nations of the world. This 
challenge is dynamic. To meet it 
will demand continuous improve- 
ment in our businesses and public 
institutions at a rate that exceeds 
that of our principal competitors. If 
we fail, we face the prospect of 
stagnation or decline of the 
.American stiindard of living. The 
findings and conclusions presented 
in this report address the strategic 
technological responses necessary' 
to meet this challenge. 
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World Marketplace 



As Europe and Japan re- 
covered from the devastation of 
World War 11,^ and as various 
historically poor nations such as 
Taiwan, Korea, and Brazil 
developed their economies, it was 
reasonable and inevitable that the 
United States should feel the 
effect of their competition. Since 
1950 real U.S. gross domestic 
product (GDP) has tripled, real 
world GDP has quadrupled, and 
world trade has grown sevenfold. 

The growing importance of 
trade in the world economy is 
reflected in the increasing 
merchandise imports and exports 
of the United States and its 
principal trading partners. Today 
U.S. merchandise imports and 
exports, excluding petroleum, are 
about 35 percent and 25 percent, ^ 
respectively, of U.S. manufactur- 
ing production. Key industrial 
sectors have been dramatically 
affected by the increase in 
imports. It is estimated that about 
70 percent of current U.S. 
manufacturing output faces direct 
foreign competition. 



Merchandise Imports and Exports 
as a Percentage of National 
Gross Domestic Product 







1960 




1986 


Country 


Imports 


Exports 


Imports 


Exports 


France 


8.6 


11.4 


17.3 


17.2 


Japan 


8.7 


9.4 


9.1* 


13.3* 


Federal Republic 
of Germany 


13.0 


15.8 


20.2 


27.1 


United Kingdom 


16.3 


14.7 


21.7 


19.6 


Canada 


14.6 


14.4 


23.0 


24.7 


United States 


2.9 


4.0 


9.5 


5.2 



*1985 DaU 

Source: 2 Sources of data for this table and subsequent 
tables appear on pages 71-73. 

40- 

□ 1972 ^1985 



30- 



20- 



10- 




Chemicals 



Steel 



Apparel Autos Appl'ances* 

Imports as a percentage of sales in the United States for 

some major industries, 1972 and 1985. 

*Note: Includes domestic appliances, radio and TV sets. 



Source: 3 
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The Changing World Marketplace 



Although U.S consumers and 
businesses have benefited from 
expanded international trade, 
there is now widespread concern 
that the magnitude of the inroads 
into U.S. domestic marliets signals 



a decline in the ability of U.S, 
producers to compete in g\oird\ 
markets. The U.S. merchandise 
trade deficit reached SI 30 billion 
in 1986. Motor vehicles 
contributed the most to the 
manufactures trade imbalance. 



Aircraft exports continued to 
make a significant positive 
contribution to the trade balance, 
but their net contribution 
declined from SI 1,2 billion in 
1985 to SlO.8 billion in 1986, 



Deficits 

Aircraft & Other Transport Equipment 
Prof., Scientific & Control Instruments 
Synthetic Resins, Rubber & Plastics 
Medicinals & Pharmaceuticals 
Office & ADP Machines & Parts 
Organic Chemicals & Products 




Surpluses 



-16.2 
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-40 



-30 




- 1.9 r~ Metalworking Machinery 

Other Industrial Machinery & Parts 
Textiles, Yarns & Fibers 
Paper & Paper Board 
Other Metal Manufacturers 
Other Electrical Machinery & Parts 
Nonferrous Metals 
Footwear 

Nonmetallic Mineral Manufacturers 
Iron & Steel Mill Products 
Misc. Manufactures 

Telecom. & Sound Reproduction Equipment 
Apparel & Accessories 
Motor Vehicles and Parts 
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-10 
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20 



U.S. manufactures trade balances, by commodity groups, 
1986, in billions of dollars. 



Source. 4 
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1980 



1981 1982 



1983 



1984 1985 



1986 



U.S. merchandise trade balance in total and high- 
technology manufactures, in billions of dollars. 

Source: 6 



U.S. industries such as auto- 
mobiles and steel are clearly 
passing through a period of 
dramatic change. The machine 
tool industry, the footwear 
industry, the textile and apparel 
industries — industries that have 
historically been important in the 
U.S. economy — have lost market 
share both domestically and 
internationally to firms based in 
other nations. Although improve- 
ments in cost and quality of 
U.S. -manufactured r)roducts are 
being achieved, foreign producers 
continue to maintain a significant 
share of the U.S, market. It has 
become evident to both the 
managers of, and the workers in, 
many U.S. industries that the 
challenges from overseas 
manufacturers are the result not 
of a cyclical downturn but of a 
fundamental restructuring of 
manufacturing activity in the 
world economy. Employment 
trends over the past decade in 
selected U.S. manufacturing 
industries dramatically 
demonstrate the impact of the 
changes that have taken place. ^ 



Not only has there been an 
erosion in old-line industries, but 
now some of the newer and most 
technologically advanced U.,S. 
industries — high-technology 
manufactures, including, 
semiconductors, telecommuni- 
cations equipment, computers, 
and pharmaceuticals, for 
example — are being severely 
challenged by international 
competition. Unfavorable trends 
in this broad range of industries 
have reinforced concern that the 
United States is losing ground in 
the world economy. 



Employment Trends in U.S. Industries Severely 
Affected by Imports 
(annual average employment, in thousands) 



Industry (SIC)* 


1976 


1978 


1980 


1982 


1984 


1986 


Textile Mill Products (22) 


919 


899 


848 


749 


746 


705 


Blast furnaces/basic 
steel products (331) 


549 


560 


512 


396 


334 


275 


Apparel (23) 


1,318 


1,332 


1,264 


1,161 


1,185 


1,105 


Metal-cutting 
machine tools (354) 


62 


71 


82 


65 


55 


49 


Household appliances (363) 


170 


185 


163 


139 


147 


135 


Motor vehicles and 
equipment (371) 


881 


1,005 


789 


699 


862 


865 



•standard Industrial Classification System 
Source- 5 
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The large merchandise trade 
deficit that the United States has 
experienced over the past few 
years has given many Americans a 
picture of American manufactur- 
ing on the ropes; people seem to 
have an intuitive sense that U.S. 
manufacturing is withering under 
the pressure of more efficient and 
lower cost competition abroad 
while employment grows only in > 
low-wage service industries. That 
view is not accurate. Despite 
serious inroads made by imports 
in some sectors, there is still a 
strong demand for the output of 
the domestic manufacturing 
sector. Between 1950 and 1986 
the contribution of the 
manufacturing sector to U.S. 
GNP— measured in constant 
dollars— has fluctuated modestly 
around 22 percent. 

Although the manufacturing 
sector's contribution to GNP is 
fairly constant, employment in 
the U.S. manufacturing sector has 
been dropping as a percentage of 
total U.S. employment. Associated 
with this decrease has been an 
increase in employment in the 
service sector, both in absolute 
terms and in relation to total 
employment. This is not a new 
phenomenon, nor is it localized 
to the United States. Similar 
trends, although somewhat less 
dramatic, are occurring in other 
developed countries. The upward 
shift in the percentage of ^ 
employment in services in the 
United States became significant 
in the 1940s. The common belief 
that this shift in employment 
reflects wholly a shift from high- 
wage factory work to low-wage 
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Relative shares of GNP by service and manufacturing 
sectors, constant 1982 dollars. 

Source: 7 
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Manufacturing and private services as a percentage of 
total employment, 1920-1985. 

Source- 8 
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work, as in retail and food 
services, is belied by a simple 
examination of the areas in which 
employment has grown. Although 
it is true that there has been 
significant employment growth in 
retail trade, there has also been 
substantial growth in several high- 
technology and relatively high- 
wage service sectors, such as 
business services, finance, and 
health services. 

An important determinant of 
U.S. competitiveness is the 
productivity of both manu- 
facturing and service industries. 
U.S. productivity in manufactur- 
ing, measured in output per labor 
hour, is still high in absolute value 
but has been falling relative to our 
principal competitors. Between 
1973 and 1985, productivity 
unproveraents in U.S. 
manufacturing, measured in ► 
output per hour and real hourly 
compensation, were less than 
those achieved by Japan, France, 
the Federal Republic of Germany, 
or the United Kingdom. If the 
significant improvement in 
productivity that has been 
^'^hieved in manufacturing in 
recent years can be sustained, 
some of these unfavorable trends 
can be reversed. 

Historically, the productivity 
growth in service industries as a 
group has been poor even though 
some individual service industries, 
such as communications, have 
been among the nation's best per- 
formers. Additionally troubling is 
the fact that,^ although growth in 
services productivity was similar 



to that in manufacturing during 
the late 1970s and early 1980s, 
service industries have not 
matched the recent resurgence of 
productivity growth in manufac- 
turing. Therefore, a primary 
opportunity for improving total 
U5. economic growth currently 
remains in improving the 
productivity growth in services 



In summary, an increased 
exposure to foreign competition, 
combined with the realities of 
improving productivity in other 
nations, has intensified the 
competition for U.S. -based 
producers. Both domestic and 
overseas markets are being 
challenged by overseas producers. 
The nation's response to this 
challenge will critically affect 
every aspect of our economic 
system. 



6-1 
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United United Federal Republic France Japan 

States Kingdom of Germany 



Average annual percentage change in manufacturing 
productivity and real wages in selected countries between 
1973 and 1985. 



Source. 9 
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Concerted action by foreign- 
based companies, often with a 
measure of support from their 
governments, has created a 
challenge that demands an 
aggressive response by the United 
Stales. In dealing with this 
challenge, the United States must 
turn to its principal institutions— 
government, industry, and the 
education system — and ensure 
that they are capable ot making 
an appropriate response. 

We begin by restating the 
obvious — that it is industry that 
design?, develops, produces, and 
markets goods and services for 
world markets. Government and 
universities are becoming more 
involved,^ however, in shaping the 
way industry discharges these 
tasks. Our purpose here is to 
examine the changes taking place 
in all three institutions and to 
suggest action*^ that will enhance 
their effectiveness in responding 
to the global challenge. 
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The Role of Industry 

The globalization of markets 
provides customers in industrial- 
ized nations with the opportunity 
to choose from an ever-widening 
variety of goods and services- 
many of which are designed and 
created by firms throughout the 
world To an increasing degree, 
producers can appeal to the 
particular interests of a customer 
by offering a product or service 
that provides the most desirable 
combination of attributes, 
including some combination of 
quality, durability, cost, reliability 
of supply, and style. The supplier 
who can provide superior 
products or services at the lowest 
cost with the proper mixture of 
attributes for the broadest 
spectrum of customers will be the 
most successful. 

The importance of the vari- 
ous attributes that customers 
consider in making a purchase is 
strongly product-dependent. 
Consumers place high priority on ► 
trouble-free performance for 
automobiles and home enter- 
tainment systems. For large and 
small appliances, durability 
closely follows trouble-free 
performance in importance. 
Design and style are the most 
desirable attributes for apparel, 
and price is significant for both 
apparel and small appliances. For 
commodity products used by a 
manufacturer, quality, cost, and 
reliability of delivery are generally 
considered critical. For many 
services, quality,, timeliness of 
response, and cost are important 
attributes. 



Executives' Perceptions of the Rr^le of Quality 
in Strengthening American Business 

Question What role does quality play in strengthening the ability 
of U S. bUsSinCsSb to compete wnh foreign competition? 



Response 


Total 


Larger Smaller Service Industrial 
Companies Companies Companies Companies 




% 


% 


% 


% 


% 


Very important/high role 


80 


83 


78 


81 


80 


American products inferi:r 
to foreign products 


15 


13 


18 


15 


15 


Quality plus price 
important factors 


6 


6 


6 


5 


9 


Importance of productivity 
and quality 


4 


7 


2 


4 


6 


Fairly important 


3 


3 


2 


2 


4 


Other 


6 


5 


9 


7 


5 


Total 


114* 


117* 


115* 


114* 


119* 


Number of interviews 


(615) 


(307) 


(308) 


(389) 


(226) 



*Total exceeds 100 percent because of multiple responses. 
Source: 1 1 



Consumer Ratings of 
Important Attributes of Various Products 



Product 









Home 










Large 


Enter- 


Small 




Most lihportant 


Auto- 


Appll. 


tain- 


Appli- 




Attribute 


mobiles 


ances 


ment 


ances 


Clothing 




% 


% 


% 


% 


% 


Trouble-free performance 


60 


55 


60 


42 


NA 


Lasts a long time 


32 


42 


30 


36 


32 


Manufacturer's reputation 


5 


5 


7 


5 


7 


Design and style 


5 


2 


4 


4 


49 


Price 


5 


3 


4 


15 


17 


Other 








1 




No answer 






1 


1 


1 


Total* 


107 


107 


106 


104 


106 


Number of interviews 


(1.005) 


(1.005) 


(1,005) 


(1,005) 


(1.005) 



*Totals exceed 100 percent because of multiple responses. 
Source 10 
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The perception that quality 
can be important in achieving 
competitiveness is reflected in the 
high marks that 600 executive 
officers of U.S. companies gave to 
quality in response to the 
question *'What role does quality 
play in strengthening the ability 
of U.S. business to compete with 
foreign competition?" 

In the same way that the 
importance of particular attributes 
varies among products, the source 
of foreign competitive advantage 
varies among industries. For 
example: 

□ The U.S. steel industry has 
been faced witii greatly reduced 
revenues and negative cash flows 
because of world overcapacity at 
a time when large capital 
investment is needed to 
modernize plants and facilities. 

□ The U.S. automobile industry 
was threatened and is still 
challenged by Japanese producers 
whose manufacturing practices 
are often more efficient and 
whose products are of high 
quality, and by new manufac- 
turers in less developed nations 
that have the further advantage of 
extremely low-cost labor. 



□ The U..S. pharmaceutical 
industry is challenged in most 
developing and Third World 
markets by producers who, often 
with the sanction of their national 
governments, do not respect 
intellectual property rights. 

□ The U.S. commercial aircraft 
industry is challenged in world 
markets by foreign producers 
who receive massive design, 
development, and production 
subsidies and whose governments 
have used various means to assist 
the development and market 
penetration of their new aircraft 
indusery. 

□ The U.S. banking industry is 
disadvantaged in some world 
capital markets largely because of 
a structure that evolved under 
U.b. domestic regulations that 
were designed to meet problems 
of the 1920s 
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In short, the attributes for 
consumer acceptance and the 
parameters of international 
competition are different in 
different industries. Although the 
particular responses that can be 
offered by any U.S. industry to 
the challenges of the world 
marketplace must be tailored to 
the specific competitive situation 
in the industry and relevant 
markeis, two elements of 
competitive performance are of 
nearly universal importance: 

□ The competitive advantage 
belongs to the company that 
provides the customer with a 
product or service that has a 
value — as determined by its cost,, 
performance, and quality— that is 
better than that of its 
competition. 

□ The competitive advantage 
accrues to the firm that can 
respond most effectively and 
rapidly to changing customer 
needs and demands — indeed, 
even to create innovative 
alternatives to anticipate their 
demands. 



To ignore these key elements 
of competitive performance is to 
invite disaster. There are many 
examples of unfortunate 
consequences for companies that 
failed to recognize the value that 
customeis place on quality, 
ignored the importance of 
constantly improving the 
efficiency of production, were 
unable to respond rapidly to a 
changing socioeconomic environ- 
ment as reflected in the market- 
place, or did not use their human 
and capital resources as effectively 
as their competitors. 



As each company seeks to 
respond to these challenges, it 
must increasingly be concerned 
with the manner in which it 
creates its products, processes, 
and services. It must also be 
concerned with the management 
of the total enterprise, from the 
development of the initial 
product cone ^t to the servicing 
of the product in the field, and 
with the effective use of 
technology in creating competi- 
tive advantages across the entire 
spectrum of its business activities. 
Industry s response must 
focus on improving its 
effectiveness in creating and 
bringing its products and 
services to the world 
marketplace. 
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Actions b> Industry 

Rapid and efficient 
commercial embodiment of an 
idea in a product or service is an 
essential element of successful 
international competition. There 
are two aspects of this com- 
petition: the creation of new or 
innovative products or services; 
and the progressive, incremental 
improvement of an existing 
product or service. 

A firm that is first to offer a 
new product or first to use an 
innovative new process has an 
obvious potential advantage over 
its competitors. Many innovative 
products and processes arise from 
scientific discoveries, and the 
United States has long been a 
leader in creating the scientific 
and technical developments that 
are the basis of new industries. 
Microelectronics, optoelectronics, 
and computers, for example, have 
developed so fast that they 
already resemble mature indus- 
tries, and biotechnology now^ 
seems poised for an explosive 
expansion. 



The effective exploitation of 
new technologies may be 
difficult, but it provides a major 
opportunity to excel in 
iiileinational commerce. It is 
incumbent on industry to join 
with other sectors of society in 
the effort to keep the United 
States in the forefront of the 
creation, development, and appli- 
cation of new science and 
technology. It is also imperative 
that government create an envi- 
ronment that facilitates the use of 
U..S. -created technologies by 
U.S. -based producers. 

However, the opportunity for 
competitive advantage does not 
rest solely with the creation of 
new, even innovative, products 
or processes. The firm that is first 
to market with an innovative 
product or process must quickly 
focus on those tasks that will 
enable it to protect and enhance 
its market position. Once a new 
product or service is introduced, 
the challenge shifts quickly to 
improving its quality and reli- 
ability, adding new features, and 
reducing its cost by improving 
the production processes that a»*e 
used. 



response time of a service are real 
improvements in productivity. 
Increased performance in an 
existing product, as in the fuel 
economy of an automobile or 
aircraft, may be critical to 
maintaining competitiveness. 
Improved responsiveness to 
customer demands, whether in 
reducing delays or in providing 
more reliable information, can 
make a service activity more 
competitive. Only through 
continuous improvement can a 
company remain competitive. 

Much of the success in 
achieving these improvements 
results from good engineering 
practice — the careful attention to 
function, processes, and mate- 
rials — such that incremental 
improvements in quality and cost 
^re realized more rapidly than is 
possible by potential competitors. 
The area in which U.S. industry 
has often lagged behind its 
compctilons is in improvement 
of the manufacturing or seivice 
delivery system to improve qual- 
ity and reliability and reduce cost. 



Process improvements that 
reduce material movement and 
part inventory, increase the yield 
of quality parts, or speed the 
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Product Realization Process Traditional Organization and Procedures 



The term "'product realization process'' denotes improved 
organizational arrangements and procedures to determine 
customer and market needs; translate these needs into 
designs suitable for manufacturing; produce a product 
that is introduced into the market; and make 
improvements that take advantage of better materials, 
processes, or equipment. The product realization process 
is interdepartmental and interactive. In contrast, 
traditional organization and procedures are 
compartmentalized and linear. 




Response To The Global Challenge 



To an increasing extent, in 
both the creation of new inno- 
vative products and services, and 
in the improvement of existing 
products or services, businesses 
have fo^ind it necessary to 
implement new ways of de- 
signing, developing, and 
manufacturing their products. 
The critical initial step in 
improving performance is 
simply recognition of the 
importance of the produciion 
activity. Some manufacturing 
firms recognize this by f^ollowing 
the approach of designing for 
manufacture or designing 
for assembly. 

An appro'uch that recognizes 
that all elements of the 
organization must participate in 
creatirg an effective product is 
sometimes described as the 
< prof'uct realization process. 
An integrated team effort, rather 
than the traditional compart- 
mental and linear effort, is a 
critical element in this approach. 
The product realization process 
requires that disciplinary 
boundaries and other barriers to 
the effective exchange of infor- 
mation and people between 
functional groups in the 
organization be minimized. 
Employees at all levels should be 
engaged in the process of 
improvement through employee 
involvement programs. 



The importance of these new 
approaches to the use and 
management of technology 
cannot be overstated. Although 
product performance and pro- 
duction efficiency are fully 
competitive for some U.S. 
manufacturers, the application of 
these new approaches is revital- 
izing U.S. -based production in a 
variety of industries. Many firms, 
including manufacturers of 
consumer products, manufac- 
turers of capital equipment, 
suppliers of raw materials, 
commodity suppliers, and a 
variety of service industries, are 
experimenting with aspects of this 
new philosophy. The results are 
generally positive. There is a 
strong need to fashion these 
actions for each particular 
company, whether large or small, 
and to disseminate the lessons 
that are learned throughout 
U.S. industry. 
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In sum, the globalization of 
production and of markets ib a 
reality. To be competitive, U.S. 
industry must offer high-quality 
cost-effective products, processes, 
and services that possess a high 
perceived value. Accomplishing 
this goal will require man> 
companies to develop operating 
procedures that 

□ encourage the full collabora- 
tion of all parts of the company 
from early concept throughout 
the product realization process; 

□ develop a strong sense of 
employee involvement; and 

□ commit the company to 
continuous improvement in all 
areas of operation. 

As technology becomes an 
increasingly important competi- 
tive tool, the successful 
development and implemcntatiori 
of mutually supportive technical 
and business strategies will be 
critical to a conipan\'\s perform- 
ance, hicrcasingly, the effective 
practice of engineering is 



assuming a prominent role in 
man\ companies. The challenge 
for U S. corporate management is 
to manage the enterprise 
effectiveh, to encourage the 
inno\ative capabilities of all of its 
employees, and to recogni/e the 
commercial opportunities that 
effecti\ e engineering offers. 

To achieve these objec- 
tives, U.S. industry must 
commit itself offering 
world-class products and 
services at competitive costs. 
The committee urges U.S. in- 
dustry to embrace the concept 
of a product realization 
process, the importance of 
strong employee involvement, 
and a commitment to contin- 
uous improvetnent as key 
operating principles of each 
element of the enterprise. 



The most effective means to 
these ends will \ ai> from industry 
to industry, company to 
company, and market to market, 
but management techniques that 
closely link all of the elements of 
product design, fabrication, and 
service to the customer are 
broadly applicable to the 
competitive response of U.S. 
manufacturing and service 
industries. 
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The Current Role 
of Government 

Although industry brings 
products and services to the 
marketplace, government at the 
local, state, and federix. levels has 
a pervasive influence on the 
environment in which industry 
operates. The federal role is most 
evident in fiscal and monetary 
policies, trade policies, regulatory 
actions, and controls that origi- 
nate in legislative actions. The 
federal government supports a 
wide range of efforts in research 
and development and, through its 
procurement practices, develops 
and disseminates a wide variety of 
technical know-how,^ predomi- 
nantly related to defense and the 
exploration and use of space. 

At the state level, govern- 
ments frequently take actions that 
support industrial development 
with the aim of generating 
employment and providing 
services. State and federal 
governments also share 
responsibility for the develop- 
ment and maintenance of critical 
elements of the public 
infrastructure, such as roads, 
airports, and waste disposal 
systems. To an increasing extent, 
state governments are encour- 
aging their public colleges and 
universities to participate in 
programs that support new 
industries, improve productivity 
in local industry, and transfer new 
technology to industry. 



Economic and 
Regulatory Policies 

The government of every 
industrialized nation implements a 
large number of tax and regula- 
tory policies which affect 
industries both within and outside 
the nation. If these policies had 
exactly symmetric mipacts on all 
firms— both domestic and 
foreign— they would have few 
implications for competitiveness. 
It is the intrinsic nature of 
national economic and regulatory 
policies, however, that they do 
not equally affect all fi^ms in all 
sectors in ail countries. It is 
important, therefore, that the 
U.S. government ensure that 
U.S.-based production and the 
innovative capacity associated 
with it not be needlessly 
disadvantaged in the global 
marketplace either by the 
polio* '"S of other nations or by 
U.S. domestic policies. 

The transnational economic 
impact of government policies is 
dramatically demonstrated for 
aircraft, where foreign govern- 
ment subsidies have enabled 
foreign manufacturers to undersell 
U.S. firms; for pharmaceuticals, 
where delays in authonzing the 
marketing of U..S. -developed 
products have weakened U.S. 
industry; and for telecommuni- 
cations, where the rapid 
establishment of unique national 
industry standards by other 
nations has created barriers 
against the entry of U.S. products 
to particular national markets. 



EXPORT CONTROL POLICY 

fforts by the United 
rf States since the late 
M J 1970s to enhance the 
effectiveness of national 
security export controls ivere 
necessary .... Nevertheless^ 
U,S, control policies and 
procedures are in danger now 
of overcorrecting in that they 
fail to promote both military 
security and economic vitali- 
ty. . The result is a complex 
and confusing control system 
that unnecessarily impedes 
U.S. high-technology exports 
to other countries of the Free 
World and directly affects 
relations ivith the CoCom 
allies. 

Source 1 2 
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INTELLECTUAL PROPERTY 
PIRACY 

rbe misappropriation of 
intellectual property — 
including the unauth- 
orized use of proprietary 
manufacturing processes — 
costs American manufac- 
turers between $8 and $20 
billion per year, according to 
estimates by the International 
Trade Commission and the 
U.S. Chamber of Commerce. 
. . . Corfting Glass Company, 
after investing over $200 
million to develop its patetited 
process for manufacturing 
optical fiber's for tele- 
communicatiofis, was unable, 
under U.S. patent laws, to 
prevent Sumitomo Electric 
Industries of fapan from 
using this process without 
petntiission and selling its 
products in the U.S. market. 
. . . Nor could Corfting collect 
royalties for the use of its 
patefit. 

Source- 13 



The resolution of many of 
these issues must rest with 
effective action on the part of the 
federal government, which pla)s 
a crucial role in 

□ protecting intellectual 
property through international 
agreements; 

□ controlling technologically 
intensive exports; 

□ establishing equitable tnide 
policies; and 

n encouraging the mutual 
exchange of technical information 
across international boundaries. 



In addition to dealing with 
the transnational effects of 
national policies, the government 
has a crucial role in the creation 
and implementation of domestic 
policies that encourage industrial 
innovation and stimulate domestic 
production. It is critical that 
policies encourage investment in 
R&D and in the capital improve- 
ments needed to increase 
productivity and efficiency. 

Tax policy, antitrust 
regulations, tort and product 
liability laws, and regulatory 
policies related to the 
environment, health, and safety 
are domestic policy issues that 
also directly affect engineerini> 
and technology in industry. 
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THE INCREASING TECHNOLOGICAL 
STRENGTH OF OTHER COUNTRIES 



TAX POLICY ON RESEARCH & 
DEVELOPMENT 

rfreastiry Regulation 
1.861-8, first issued in 
1977, requires that a 
portion of domestic R&D 
expenditures be allocated to 
foreign income. By thus 
increasing U.S. taxation, the 
regulation effectively 
increases the cost of 
perfo7*ming R&D in the U.S. 
and encourages American 
companies to shift their R&D 
abroad. In response to 
concerfts about the deleterious 
effects of such a shift on the 
competitive position of U.S. 
industryy the Congress has 
four times placed a moratori- 
um on the application of this 
regulation. A permanent 
solution of this matter has 
not beefi achieved. 

Source: 14 



M' any natiotis have de- 
veloped ceftters of 
technological excel- 
lence, and the quantity of 
inventive activity outside the 
United States continues to 
grow. Newly industrializing 
areas such as South Korea, 
Taiwan, and Brazil are 
attaining higher levels of 
competence for technical 
developmeftt. Citatiotis to 
Japanese articles in 
engifieering and technology 



have doubled in the 1973-86 
period. The total number of 
Japanese research publica- 
tions surpassed the output of 
French and West German 
researchers in the 1970s, and 
the USSR in the early 1980s. In 
the mid-1980s. . .the number 
of Japanese technical 
publications will probably 
surpass the British total and 
be second only to that of the 
United States. 

Source, 15 
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Industrial innovation can be 
hampered by uncertainties about 
possible future product liabilities, 
weak protection of intellectual 
property, delay and uncertainty in 
implementing regulations, 
protracted regulatory approval 
processes, and government 
reimbursement or procurement 
policies that discriminate against 
innovative products. The number 
of months that various countries 
use to approve a new drug 
illustrates this point ► 



Number of Months Required to 
Approve Drugs in Selected Countries 
(1980 and earlier) 



Drug 


United 
States 


Canada 


iMOiway 


Sweden 


Switzer- 
land 


United 
Kingdom 


Beclomethasone 
dipropionate 


26 


8 


8 


19 


7 


5 


Sodium valoroate 


5 


(a) 


lb) 




45 


3 


Cimetidine 


13 


8 


19 


20 


10 


2 


Protirelin 


28 


(a) 


(b) 


21 


9 


(c) 


Vidabrine 


23 


12 


(b) 


(c) 


(c) 


6 


Somatotropin 


15 


(b) 


(b) 


23 


10 


8 


Sodium iodide 
1-123 


20 


(d) 










Diazoxide 


40 


11 


14 


(a) 


14 


(c) 


Phospho lipids 


14 


24 


(b) 


43 


3 


7 


Amino acids 


12 


16 


(b) 


23 


7 


(c) 


Danazol 


30 


16 


17 


34 


21 


6 


Prazosin 


40 


30 


27 


(a) 


10 


6 


Disophyramide 
phosphate 


54 


19 


36 


80 


17 


(c) 


Propranolol: 
Arrhythmias 
Angina 
Hypertension 


17 
17 
18 


23 
11 
19 


9 
9 
14 


16 
16 
16 


4 
4 
4 


5 
5 

(c) 



(a) Under review at agency at time of review. 

(b) Not submitted to agency at time of review. 

(c) Data not available. 

(d) Not available m other countries. 



Souro^ 



Duration of U.S. Food and Drug Administraton 
Review Phase for New Drugs, 1985-1986 



"The length of the ... FDA review phase for the 46 NCEs ["new 
chemical entities''] (approved in 1985 and 1986) represent(s) no 
significant change from (the length of this phase) over the last ten 
years . . , The observed similarity of 1985-86 review times to those 
of previous years is striking, despite FDA efforts to streamline the 
review process and speed the introduction of new drugs." 



Source- 17 
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Antitrust policy, promulgated 
when the U.S. market was domi- 
nated by U.S. producers, has also 
affected industrial innovation. It 
has, however, been undergoing 
significant change. Several issues 
remain to be addressed, in 
particular, the prohibition uf joint 
efforts in manufacturing process 
development. 

Domestic policies must be 
responsive, however, to several 
other areas of national concern 
We all share goals for a clean 
environment, safe products and 
workplaces, consumer protection 
and a strong national defense. 
Progress toward the health, 
safety, and welfare of U.S. citizens 
is critical; but these goals cannot 
be reached unless we maintain 
vigorous economic growth and 
industrial competitiveness In the 
interest of the nation's health, 
safety, and economic welfare, 
means must be sought to arrive at 
a more coherent and consistent 
formulation of regulatory policies 
in all the areas mentioned. 



A better balance should be 
maintained between the impact of 
regulations or agency actions and 
the need tc achieve economic 
competitiveness. This integrated 
view of the national welfare has 
not always prevailed in the past, 
as each agency has a tendency to 
focus on its own special mandate 
without adequate consideration of 
other national goals that lie 
outside its legislative mandate or 
mission. 

■ The dynamic nature of 
economic, political, and tech- 
nological developments 
requires that government 
policies be constantly 
revie%, and adapted to 
ensure that they not only 
achieve the desired social, 
political, and national security 
purposes, but also support — 
or at least do not impair — our 
international competitiveness. 



ANTITRUST POLICY AND 
REGULATIONS 

ntitmst policy strives, 
therefore, to keep 
JL JL markets competitive in 
order to promote innovation, 
and to encourage innovation 
in order to promote competi- 
tion. . . . Joint research may 
even promote a competitive 
market as a whole by enabling 
the participants to provide 
new goods or services that 
would not have come into 
being except by the coopera- 
tive effort. . . . If the cost and 
risk of the research in relation 
to its potential rewards are 
such that the participants 
could not or would not have 
undertaken the project 
individually, the vetiture will 
have the effect of increasing 
rather than decreasing 
innovation .... Even when 
entry barriers [for new firms 
to the industry] are high, 
competitive incentives may 
nevertheless be maintained by 
the actual or potential 
competition from foreign 
firms or firms in a closely 
related industry, so that such 
joint research may not retard 
the pace of innovation. 

Source: 18 

y4 joint research vetiture 
JmM should be judged on the 
JL JL basis of its reasonable- 
ness, taking into account all 
relevant factors concerning 
competition, including but not 
limited to effects on competi- 
tion, in properly defined, 
relevant research and 
development markets. 

Source 19 
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Support of the R&D 
Enterprise 

The R&D enterprise consists 
of a wide variety of activities 
located in industry, universities, 
government, and nonprofit organ- 
izations. The total national 
investment in R&D has been 
growing in both absolute dollars 
and as a percentage of GNP since 



the late 1970s and was estimated 
to reach about 2.8 percent of 
GNP in 1987. Although countries 
use different methods of meas- 
uring R&D and allocating ex- 
penditures to various categories,, it 
is informative to compare general 
trends among the industrialized 
countries. Total R&D expendi- 
tures rose in Japan, France, and 
the Federal Republic of Germany 
▼ 



from the late 1970s to 1987, 
similar to the trend in the United 
States. Whereas the United States 
has consistently spent a significant 
proportion of its GNP on R&D, 
the proportion of total U.5. R&D 
expenditures devoted to activities 
other than defense has been 
below that of Japan and the 
Federal Republic of Germany for 
many years. 





R&D as a percentage of GNP for the United States, Japan, 
France, and the Federal Republic of Germany, 1973-19^5. 



Source; 20 
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Of the total national 
investment in R&D— approxi- 
mately SI 25 billion in 1987— the 
federal government will provide 
about $60 billion. Only about S18 
billion of the federal govern- 
ment's expenditures are not 
related to defense. Industry, 



universities and colleges, and the 
federal government perform 
about 73, 9, and 12 percent, 
respectively, of the national R&D 
effort. Of the total R&D effort, 
about 33 percent is devoted to 
research, 12 peicent to the 
support of basic research, and 21 



percent to applied research. With 
more than 50 percent of the basic 
research being done by the uni- 
v^ersities, it is important that 
appropriate facilities be available 
in the research universities to 
support their continuing role in 
research. 



By Souice By Performer By Chai ccter of Work 




The national R&D effort. Estimated 1987 expenditures are 
$125.2 billion. 



Source. 21 



Response To The Global Challenge 



Another element of the 
federal R&D program is the 
support of small business through 
the Small Business Innov-ation 
Development Act. This act 
required that all major federal 
agencies establish a Small Business 
Innovation Research (SBIR) 



program. This program provides 
that the R&D needs of each 
agency be advertised and that a 
minimum of 1.25 percent of the 
agency's external R&D funding be 
contracted with small businesses. 
Although the total funding has 
not been large— S400 million in 
198"^ — industry response has 



been strong— 15,000 proposals 
were submitted in 1987. Repre- 
sentative results suggest that the 
program has important potential 
benefits and supports the view 
that small businesses are 
significant sources of innovative 
products and processes. 



EXAMPLES OF SMALL BUSINESS INNOVATION RESEARCH PROGRAM RESULTS 



□ Relational Technology, a 
software firm in Calif orttia, 
bad 6 employees in 1981 
when it received its first 
SBIR award. It now has 450 
employees. Its outside 
investment is $27 million 
and softtvare product sales 
total $105M. One-third of 
this growth is attributable 
to the SBIR program. 



□ NPI of Salt Lake City has 
had three promising 
biotechnology break- 
throughs, which it ascribes 
mainly to SBIR research. 
The company has obtained 
$65 million in private in- 
vestments from six large 
iftdustrial firtm, t)enture 
capital from five others, 
and has fortned limited 
R&D partfierships with 
three major financial 
houses. Employment has 
increased front 40 in 1980 
to 450 in 1987. 



□ Flow Research, of Kent, 
Washington, currently 
working on a tactile sensor 
that senses force without the 
use of active electronic 
elements at the working 
array site, had 190 
employees at the time of its 
first SBJR grant in 1981 and 
now has 810 in five spin- 
^ffi the parent 
company. 

Source: 22 
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The Changing 
Involvement of 
Government in R&D 

Since the creation and 
production of new products, 
processes, and services are 
accomplished by industry, the 
federal government has tradi- 
tionally assumed a major role in 
the development of technology 
only when it expects to be the 
principal purchaser of the output, 
as in defense or space exploration 
and use. With few exceptions, of 
which agriculture and clinical 
medicine are the most notable, 
the government has limited its 
involvement in technology devel- 
opment to providing support for 
the basic scientific and engineer- 
ing research that undergirds the 
technology. 

fhis historic role of govern- 
ment is changing rapidly. A 
number of events have occurred 
that indicate that the government 
is, on a selective basis, becoming 
more involved in stimulating and 
supporting the conversion of 
technology into commercial 
products and processes. As a 
result, government-indusrry- 
university relationships aic 
undergoing rapid change. Further- 
more, the government is 
redefining the role of its in-housc 
laboratories in the support of 
technical developments in 
industry. This change in the 
relationship of the government, 
industry, and universities in 
matters related to the develop- 
ment and use of technology is 
having an important influence" on 
all three sectors. 



Federal Programs Encouraging 
University-Industry Interaction 







Initial 


Approx. Current 


Agency 


Type of Action 


Date 


Funding 


National Science 


Cooperative Research 


1973 


$3 million (1987) 


Foundation 


Centers 








Engineering Research 


1985 


$30 million (1987) 




Centers 






Science and Tech- 


Proposed 


Proposed $30 




nology Centers 


1987 


million (1988) 


Department of 


University Research 


1985 


$100 million 


Defense 


Initiative 


(FY 1986) 


(Combined FY 86 








and 87) 



Department of 
Energy 


Various Cooperative 
National Laboratory 
University Programs 


1985-86 


Approx. 
$5 million (1987) 


National Aeronau- 


Centers for Commer- 


1985 


$15 million 


tics and Space 


cial Development of 




(1987) 


Administration 


Space 








University Space 


Proposed 


Proposed 




Engineering Centers 


1988 


$4 million (1988) 



In the support of university 
research, several new federal 
programs are encouraging a closer 
working relationship between 
iiidustr) and universities. This is 
particularl) true for engineering 
research. The Engineering 
Research Center program of the 
National Science Foundation has 
been important in creating a focus 
for universit) -based engineering 
research that relaies to industrial 
competitiveness. Industrial 
participation has influenced the 



content of the research programs 
and has stimulated the creation of 
several curricula involving 
manufactunng. An increased 
exchange of people betv\een the 
universities and industry has 
resulted. Financial support for 
research has come both through 
equipment grants and through 
direct funding by industry. The 
impact of the various federal 
programs on the research and 
curricula of the universities has 
been substantial. 
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Technological alliances 
among companies are also 
increasing. Faced with intense 
competition from overseas 
manufacturers, firms in some U.S. 
industries have joined together to 
form consortia, the purpose of 
which is to create, through jointly 
supported R&D, the next genera- 
tion of technical developments 
that are critical to their business. 
In the semiconductor industry 
this response has taken the form 
of Sematech, a consortium that 
proposes to develop manufac- 
turing technology for a new 
generation of integrated circuits. 
The U.S. machine tool industry is 
proposing a National Center for 
Manufacturing Sciences to explore 
new developments in discrete 
manufacturing. 



Earlier efforts at joint 
industrial research include the 
Electric Power Research Institute 
(EPRI), the Gas Research Institute 
(GRI), the Council on Chemical 
Research, the Semiconductor 
Research Corporation (SRC), the 
Microelectronics and Computer 
Corporation (MCC), and the 
University Steel Resources Center. 
These activities are funded 
primarily by industry. Other 
industries are also considering the 
creation of consortia for the 
development of new technology. 

The creation of these 
industry-wide consortia is not 
unique in the history of U.S. 
industrial research. Recent 
increased activity appears to stem 
from two causes. First, restrictions 
resulting from antitrust laws and 
regulations have been relaxed, 
allowing U.S. firms more latitude 
in joining together. Second, when 
the threat from overseas firms 
becomes sufficiently great, 
companies that are still fierce 
competitors for the U.S. market 
became more willing to join 
together to create a U.S. industry 
that is more competitive in the 
international marketplace. 



Participation in consortia is 
not limited to industry. Govern- 
ment is also becoming involved, 
in that some of these consortia, 
for example, Sematech and the 
National Center for Manufacturing 
Sciences, have turned to federal 
and state government for partial 
funding. Sematech, in the first six 
years of operation, is currently 
projecting an expenditure of 
$1.26 billion, and the National 
Center for Manufacturing Sciences 
is projecting an expenditure of 
S30 million over three years. 
Industry is proposing to provide 
roughly half of these funds. The 
balance is being requested from 
government. Arrangements for 
government participation 
currently being explored include 
the possibility that funding will be 
provided by the Department of 
Defense for both of these efforts. 
The consequence of these actions, 
if funded, will be that the federal 
government assumes a much 
more explicit role in development 
activities closely related to 
commercial needs as a means of 
advancing industrial 
competitiveness. 
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THE FEDERAL LABORATORY CONSORTIUM FOR 
TECHNOLOGY TRANSFER 



A second, very different form 
of federal involvement in the 
commercial sector is occurring 
through the Department of 
Defense. Having become 
concerned with the long-term 
viability of the U.S. industrial 
capability to support the nation's 
defense requirements in a national 
emergency, the department has 
launched a major program — the 
Department of Defense Industrial 
Base Initiative— to identify the 
needs for, and encourage the 
development of, critical 
manufacturing capabilities. 
Procurement policy will be a 
principal tool in accomplishing 
the objectives of this effort. 

Finally, the government, 
through the Stevenson-Wydler 
Act (1980) and several successive 
legislative actions, has attempted 
to facilitate the transfer to 
industry of technology created in 
federally funded laboratories. The 
aim of this legislation is to 
increase the probability that 
pertinent technology developed 
in government laboratories will 
find more rapid deployment in 
industry. 



rhe Federal Technology 
Transfer Act of 1986 
makes it easier for 
American companies to work 
with federal research and 
developmetit laboratories to 
develop new or improved 
products, systems and service^ 
The consortium was chartered 
by an Act of Congress to 
strefigtben the cooperative 
tramfer of federally developed 
technology to industry, state 
and local govemmefits and 
universities. 

The more than 600 federal 
laboratories and cetiters have 
annual in-honse R&D budgets 
of approximately $20 billion 
and employ approximately 1/6 
of the nation's science and 
engineering professionals. 



Technology and expertise 
are available in virtually every 
area of scietice and 
engineering, including: 

□ manufacturing 

□ transportation 

□ advanced materials 

□ ocean science 

□ microelectronics 

□ medicine 

□ environmetital protection 

□ biotechnology 

□ energy 

□ communication 

□ building and construction 

□ computers and information 

□ agriculture 

□ superconductivity 

Source. 23 
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These recent government 
actions can be characterized as 
follows: 

□ Federal participation in the 
development of technology 
downstream from basic 
research has generally been 
considered only when the 
case has been made that a 
crisis exists, as when the 
semiconductor or machine 
tool industry was in danger of 
irreparable damage from 
overseas competition. 



□ Federal response has 
frequently been to turn to the 
Department of Defense, rather 
than a civilian agency such as 
the Department of Conmierce, 
to act as the federal focus for 
justification and funding, even 
though the civilian sector may 
be the intended principal 
beneficiary of the program. 

Contrary to a widely 
accepted view, go\^ernment has 
frequently assisted and 
participated with private industry 
in R&D activities of commercial 
importance. It has been involved 
in civilian industries such as 
agriculture and mining for more 
than 100 years, and it has long 
supported clinical experimenta- 
tion. Government support of the 
National Advisory Committee for 
Aeronautics (NACA) was a strong 
force in developing a highly 



successful civilian aircraft 
industry, in the same way that 
early efforts by the Census Bureau 
were a force in developing the 
computer industry. The federal 
government has also extended 
assistance to the nuclear and 
electronics industries. One can 
proj^erly view the recent actions 
of the federal government to 
become more active in R&D 
matters that relate to the 
competitiveness of industry as a 
logical extension of a pattern that 
has existed for decades. 
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Factors Influencing 
the Future Role of 
Government in the 
R&D Process 



A widely accepted view of 
the federal government's role in 
supporting technical develop- 
ments downstream from basic 
research is that it should not 
actively support R&D activities 
that primarily benefit priv^ate 
industry. According to this view, 
the U.S. system should rely on 
the free market to provide the 
competitive incentives to improve 
efficiencies and c.eate new 
innovative products, processes, 
and services. If a firm failed,« it 
would be replaced by another. 
Employment loet by one firm 
would be balanced by employ- 
ment growth in another. If a new 
innovative product was not 
created by a U.S. company at the 
first opportunity, another U.S. 
company might produce it at a 
later date. The success of the U.S. 
system has been derived from the 
encouragement that it provides 
for improved productivitv and 
increased efficiency. Noncompeti- 
tive firms are not normally 
supported or protected 

These attributes of our 
system must be preserved, but we 
must recognize that the 
globalization of competition 
confronts this nation with a 
wholly new situation, one in 
which domestic market forces are 
often less important than market 
competition across national 
boundaries. Competition between 
U.S. and foreign manufacturers 



can lead to the disappearance of 
U.S. companies as the employ- 
ment reappears overseas. A new 
product, process, or service that 
is not developed by a U.S. 
company or industry may be 
refined, produced, and marketed 
globally by an overseas compe- 
titor. In a rapidly expanding new 
product market,> the loss of 
technological leadership can be 
difficult to recapture. For a 
mature technology, the opportun- 
ity to recapture leadership 
frequently requires that the 
production process be the fo':us, 
since product quality and cost 
often are paramount. In either 
case, recovery is difficult, often 
impossible. 

In addition, the loss of 
leadership in critical fields 
may have a cumulative effect 
that not only strips the United 
States of technological know- 
how in these areas but may 
seriously deplete the overall 
capability of the United States 
to compete in several related 
fields. 

Furthermore, many U.S. 
companies face a situation in which 
their foreign competitors are being 
encouniged to v» ork together and 
are receiving assistance from their 
governments to exploit technolo- 
gies that will improve their 
competitiveness Although 
U.S. -b;ised companies have 
tniditionally sought to optimize 
their perfonnance by individually 



satisfying ihc needs of their 
customers, stockholders, and 
employees, it should be recognized 
that the sum total of their actions 
may not provide an adequate 
solution for the global competi- 
tiveness problem of U.S.-based 
production. 

In ensuring that the broad 
national needs of this country are 
satisfied, the federal government, in 
i^ooperation with industry', should 
concern itself with 

□ technological opportunities that 
transcend either the capabilities of 
a single company or industry , 

□ technological opportunities that 
are of such a nature that the 
benefits cannot be fully captured 
by the firm that makes the 
investment, and thus must be 
considered in the nature of a 
public good; and 

□ technok)gical devek)pments that 
have a social and economic impact 
on large segments of the U S. 

p( >pulatk)n. 

Alth(/Ugh these arguments for 
government action are not new, 
the changing world economic and 
technological situation calls for a 
fresh assessment of possible 
selecttxl responses by government 
that may go bevond the support 
for basic research. 
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For the government to 
participate more actively in 
R&D directed at enhancing the 
health of the commercial 
sector, it must be prepared, 
both by its intent and through 
its processes, to be more 
supportive of programs 
important to technology with 
commercial potential, while 
relying on iadr-jtry and the 
marketplace to identify the 
products and service^ that will 
be offered, both domestically 
and for export. Means must be 
developed to provide the 
government with more complete 
and systematic analyses of the 
industrial capability and enable the 
government to properly support, 
on a continuing and consistent 
basis, the technological 
developments that underpin the 
nation's industrial strength without 
simply replacing efforts that are 
properly the responsibility of 
industry. 

Economic security must 
also be recognized as a 
national policy objective. The 
federal government must be 
continuously aware of the 
national importance of a 
commercially competitive 
industry. We can no longer afford 
a system that responds only to 
crises and considers military 
security the principal rationale for 
involving the federal government 
in the support of technical R&D. 



In determining the scope of 
government activity in this area, it 
is necessary to consider the 
following issues: 

□ the role of the federal 
government in creating policies 
that stimulate industry to create 
new products and improve 
productivity; 

□ the role of the federal 
government in permitting and even 
supporting industry-wide consortia 
for the joint development of 
manufacturing or service delivery 
processes; 

□ the role of government in 
contributing directly to the early 
development of technologies 
ultimately intended for the 
commercial sector, as in the case of 
superconductors or advanced 
ceramics; 

□ the role of the government in 
encouraging universities to 
participate in ventures that advance 
science and technology important 
to the development of new 
products and processes v^ith 
commercial potential; 

□ the role of state governments in 
encouraging improvement in the 
productivity and competitiveness 
of local industry; and 

□ the role of the federally 
supported laboratories in working 
with industry in the development 
of commercial products and 
processes. 



An effective response by 
government to the global 
economic challenge requires that 
these issues be addressed in a 
comprehensive manner that 
includes careful assessment of the 
costs incurred in undertaking new 
actions and the impact that actions 
in one area might have on other 
activities. What is needed is the 
capability and willingness to look 
ahead and anticipate future 
circumstances rather than, as 
frequently occurs now, merely 
responding .-d hoc to an immediate 
crisis — a response that frequently 
amounts to fighting yesterday's 
battles or mounting an action to 
limit damage to an industry. This 
change in outlook will be a 
significant challenge for the 
government'since it must develop a 
mechanism that can, at the same 
time, both better anticipate change 
and respond in a timely way to the 
needs of a wide variety of citizens, 
businesses, and institutions. 
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Actions by the Federal 
Government 



If the government is to 
develop an expanded role in 
support of R&D related to industry- 
and commerce, both government 
and industry must take steps to 
reduce the confrontational 
environment that has characterized 
their relations in recent years. 
Enhancement of such cooperative 
relations will require that 
government and industry work to 
develop a common view of tech- 
nological and business trends and 
of technological directions to be 
taken in the national interest. 
Currently such consensus seems to 
be possible only when a crisis 
exists. 

■ This committee believes that 
mectianisms should be devel- 
oped that encourage govern- 
ment and industry to work 
together more effectively to 
anticipate technological 
challenges, including the 
encouragement and creation of 
consensus within industry and 
between industry and govern- 
ment on technological factors 
and trends that affect both 
sectors. Imaginative leadership 
will be required of both govern- 
ment and industry^ if this is to be 
accomplished successfully. 



Before joint government- 
industry^ actions are undertaken, an 
important early step must be sound 
analyses of all aspects of the 
problem, including an understand- 
ing of the technological status of 
critical sectors of U.S. industry ,^ the 
implications of emerging technol- 
ogies for the health of engineering 
and technology in all sectors of 
U S. industry, and deficiencies in 
the technological infrastructure of 
particular sectors. Since the analytic 
capability of this type that now 
exists in the government is limited 
and dispersed, a first priority 
should be to develop and mobilize 
this capability in a form that 
ensures the support and partici- 
pation of the private sector in its 
studies. A small activity, perhaps 
located outside the structure of the 
government, staffed by highly 
qualified analysts who are keenly 
aware of industrial problems in 
detail, could be of great value. 

With analyses of the type 
described above, the government 
would be better prepared to 
respond to industry initiatives. One 
form this involvement could take is 
to catalyze and in some instances 
support the formation of industry-- 
wide research and development 
consortia to enhance the 
competitiveness of selected U.S. 
industries. This would require that 
the government be in a position to 
provide financial resources and that 
a process be developed to enable 
the government to share funding 
with industry-wide consortia if an 
industry group agrees to provide 
substantial private funds over the 



life of the project. In addition, the 
government needs to give greater 
attention to rapidly evolving 
sectors, such as services. 

■ If government is to develop 
an expanded role in support of 
R&D related to industry and 
commerce, it must rationalize 
its efforts and focus them in a 
consistent and logical fashion. 

□ As a principal participant in 
achie\Iiig national competitive- 
ness, the federal government 
must use its diverse capabilities 
to broadly encourage techno- 
logical developments that are 
critical to sustaining the 
competitive interests of the 
nation. Efforts need to be 
focused through a designated 
entity that can effectively 
respond to industry initiatives 
and interact with nongovern- 
ment groups, including 
industry. 

□ To carry out these 
responsibilities effectively, the 
government will require access 
to improved information and 
analyses. The federal 
government should, therefore, 
foster the creation of a 
supporting activity that, with 
private sector participation, 
could provide high-quality, in- 
depth analyses of the factors 
affecting the ability of civilian 
industrial sectors to compete in 
global markets. 
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These recommended actions 
are intended to supplement or 
augment those technical activities 
for which market incentives do not 
elicit a sufficient level of private 
investment, i.e., those activities that 
have a strong element of public 
good. They are predicated on the 
cussumption that an improved 
coopenitive relationship can be 
developed between government 
and indust^)^ The relationship, 
however, must be such that 
government will not ultimately be 
in a position to impose its 
judgment on the marketplace in 
determining the products and 
senices that should be offered by 
industry . The committee envisions 
a relationship that makes it possible 
to develop a variety of arrange- 
ments to improve industry^'s 
commitment to commercialize the 
worthwhile ccchnology that has 
received government support as 
well as technologies that have been 
developed under other auspices. 
Arrangements that entail extensive 
cost sharing with industry are 
strongly encouraged. 



Organi/iitional changes 
proposed over the p.ust several 
>ears in various studies would 
accomplish some of the objectives 
outlined above. This committee 
also examined a variety of alterna- 
tives by which its recommenda- 
tions might be implemented. These 
incluLleLl the possibilit) of .issigmng 
responsibility to a congressionally 
legislated office or agency, e.g., the 
Office of Science and Technology 
Policy, the Department of Com- 
merce, or the National Science 
Foundation, the creation by 
Congress of a new executive 
agency or department, e.g., a 
Council on Industrial Competi- 
tiveness, or the creation of a qu.isi- 
independent activity that would be 
chartered bv Congress and funded, 
at least in part, by the government. 

Although the committee d(K\s 
not offer a specific iec(jmnienda- 
tion for governmental action, it is 
firm in its belief that responsibility 
must DC clearly assigned. It 
encourages further discussion 
among all interested parties so that 
this assignment of responsibility 
can be accomplished promptly. 



The government, in framing its 
response, must be unusually 
sensitiv e to both the opportunities 
and the constraints within which 
any activity must operate if it is to 
maintain the support and coopera- 
tion of industry , To foster the 
proper long-term relationship with 
industn , the industrial community 
should play an important part in 
the planning anel creation of the 
structure. 

Finally, the committee recog- 
nizes that the allocation of federal 
funds may be influenced by special 
interests with justifications that 
bear little relation to the stated 
purpose for expenditure. Because 
such actions can lead to efforts that 
are not effective in advancinj? U.S. 
competitiveness, this committee 
urges that any entity designated to 
implement this recommendation be 
insulated as much «is possible from 
such counterproductive influences. 
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Actions by State 
Governments 



Businesses large and small arc 
affected by state taxes, regulations, 
and policies. In many ways, the 
impact of state government 
activities on business can be similar 
to that of the federal government, 
state governments play a significant 
role in supporting a strong science 
and technology infrastructure and 
must avoid policies that discourage 
economic development. The states, 
however, have unique capa^^Uitics 
and attitudes that are not easily 
duplicated at the federal level, it is 
these that the committee 
emphasizes here. 

□ State governments are generally 
more aware of, and responsn e to, 
the needs of locU industr>\ The>' 
can, therefore, interact more 
effectively wiih small business. 

□ As history shows, the states can 
experiment with innovative 
programs more readily than the 
federal government can, for 
example, with technological 
extension prognims. 

□ States can join together to 
generate programs that will benefit 
an entire region. 



□ State governments are activeh 
in\'ol\'ed in supporting the 
education system, through offices 
that assist and o\ersee the pnmar\ 
and scconclaiy school system, 
through support of uni\'ersitics, 
colleges, and vocational institutes, 
and through the encouragement of 
continuing education programs. 
(See pages 55 through 67 for 
discussioji of the clevelopmoit of 
the workforce.) 

State government support of 
technological development is 
increiusing both in the level of 
financial commitment and in the 
t\'pes and character of programs 
supported. The objective of many 
of these programs is to improve 
the capability of local industry and 
to create jobs through encouraging 
business development — often 
businesses engaged in the 
development and application of 
new technology. Not only are the 
states better able to interact with 
and understand the problems of 
local industry, they are the 
principal supporters of a university 
system that generates new 
technologies and educates the 
work force With these resources, 
and with the incentive to create 
local employment, they can 
encourage the conversion of 
technologies into new products 
and services, assist in the crealicMi 
of new businesses, and work to 
improve the productive capability 
of existing organi/^itions. 



A unique opportunity exists 
for states to support small 
businesses, many of which ha\x^ 
special pr<jblems in keeping abreast 
of new technical developments and 
translating these de\'elopments into 
products or processes that benefit 
their companies. As suppliers of 
products or services to larger 
companies, or iis providers of a 
product or a service that may be 
displaced by a foreign company, 
small companies must be en- 
couraged to make continuous 
improvements in their productivity 
and to use the best aviiilable 
technology in mmntaining their 
competitiveness. In many states, 
economic development agencies 
have been established and are 
effectively positioned to continue 
to assist smiill businesses in 
achieving incre^ised productivity 
through application of new 
technology. 
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Type of Program 

Technical Training 
Research Parks 
Seed Capital 
Venture Capital 



Equity/Royalty 
Programs 



Incubators 



Technology Transfer 



Technology/Managerial 
Assistance 



Technology/Research 
Centers 



Research Grants 



Technology Office/ 
Board/Commission 




27 



29 
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Number of states supporting technology initiatives, hY 
1986; (program expenditures total $700 million). 



Source 24 
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State initiatives are numerous 
and diverse, as evidenced by the 
number of states supporting a 
variety of research programs, most 
of which are chosen for their 
potential to encourage economic 
development. Because many of 
these research programs are carried 
out at state-supported institutions 
of higher learning, the state 
government contribution to 
research is often much larger than 
the budgets contained in specific 
economic development projects. In 
1986 the states earmarked about 
S700 million for technology- 
oriented initiatives. Nearly 40 
percent of these funds supported 
technology and researcn centers, 
23 percent were used for new 
ventures and to provide capital to 
small companies, and 18 percent 
went for research grants. 



Because many of these pro- 
grams are in an early stage or 
development, it is premature to 
attempt a comprehensive assess- 
ment of their combined impact on 
state economic development. It is 
generally agreed, however, that the 
state programs are contributing in 
an important way to an improved 
competitive environment. 

■ State governments should 

□ strengthen and expand their 
local industrial base through 
the development and dissemi- 
nation of technology and 
know-how that can be 
effectively used by smaU 
businesses to improve their 
productivity, 

□ continue to support the 
initiation of high-tech small 
businesses, 

□ strive to create a favorable 
environment for U.S.-based 
businesses, and 

□ seek to improve the quality 
of the education system within 
their boundaries. 



Those states without a 
centralized activity should evaluate 
the merits of an industrial 
extension system that would 
coordinate statewide efforts and 
provide a central location for 
scientific and technical information. 
Recognizing that many of the 
current programs are new and, in 
some sense, experimental, the 
states should regularly review and 
evaluate these programs to 
determine the most effective means 
of expanding their impact. 
Programs that prove successful 
should be sustained, expanded, 
and continuously improved. States 
should also continuously review 
their tax structure, laws, and 
regulations to ensure that they do 
not place undue burdens on 
businesses, larye and small, 
operating within their boundaries. 
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BENEFITS OF INDUSTRY- UNIVERSITY AIXIANCES 



TO UNIVERSITIES 

□ Generates income 

□ Helps attract and retain 
faculty 

□ Provides opportunity for 
extefided contact and 
mutual evaluation by 
student and potefttial 
industrial etnployer 

□ Fulfills a social duty to help 
tramlate ideas into useful 
products and services 



TO INDUSTRY 

□ Gives access to advanced 
ideas in science and 
technology 

□ Provides contact and 
consultation with research 
leaders 

□ Attracts students to 
company-related research 
and development 

□ Gives access to specialized 
university developments 

□ Provides share in 
patentable developments 



University-industry alliances have adopted a variety of 
patterns: nonprofit foundations, for-profit corporatiotis and 
joint vetitureSj wholly otvned subsidiaries, individual 
company cooperative research atTangements with a single 
university, multiple industty support of research at a single 
university, nonprofit industry, cottsortia supporting research 
at several imivet^sities, and university centers with sic:te or 
federal participation. 
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The Role of 
the Universities 

Universities, through their 
research programs, have been 
major contributors to the basic 
science and engineering that 
underlies much of industrial 
technology. They have recently 
assumed a more active role in the 
translation of that understanding 
into technology and the application 
of that technology to solve 
problems important to industry. 

The stimulus for this change 
has come primarily from two 
sources: 

□ a desire on the pan of federal 
agencies to promote the efficiency 
of translating research results into 
products, processes, and services; 
and 

□ efforts of universities to work 
more closely with industry and 
thereby encourage industrial 
support of university research 
programs. 



These actions have prompted 
many universities to undertake 
programs directly concerned with 
technologies that may have 
commercial potential. A principal 
focus of many of these efforts is 
the creation of a variety of new 
alliances between industry and the 
universities. There are many po- 
tential benefits of such alliances. 
Two measures of the success in 
achieving these benefits are a 
greatly expanded investment in 
university-based R&D by industry 
and an increased collaboration 
between university and industry 
research personnel. The latter is 
seen in the increasing number of 
publications that are coauthored by 
engineers and scientists from 
industry and academe. Many uni- 
versities are attempting to derive 
revenue directly from technical 
developments carried out in their 
research laboratories, through 
licensing of patents, the sale of 
know-how, and the encouragement 



of new entrepreneunal businesses 
that are associated with the 
universities. Some universities are 
broadening their extension services 
to include an industrial program, 
with particular effort being made to 
assist small businesses in their 
efforts to improve productivity. 
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University-Industry Cooperation in Science and Technology 



All fields 
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Space Sciences 



Engineering and 
Technology 



Mathenfiatics 



I 



□ 1973 m 1982 




$500-1 



400- 



300 H 



200- 



100- 



1960 



Current Dollars 
Constant 1972 Dollars 




1965 



1970 



1975 



1980 



1985 



Industry expenditures for R&D in colleges 
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Actions by the 
Universities 

Changes in the relationship 
between universities and industry, 
and the increasing involvement of 
universities in commercial enter- 
prises and in economic develop- 
ment, are creating important new 
policy issues for universities. These 
issues include the manner in which 
proprietary information is treated, 
the sharing of rights to intellectual 
propeity created in university 
laboratories, the proper role for the 
universities in the creation of new 
companies, and the increasing 
number of faculty members with 
outside commercial interests. These 
developments have been generally 
beneficial, leading to increased 
interactions between industry and 
the university personnel, a new 
source of revenue for the univer- 
sities, and encouragement of 
faculty and students to be aware of 
potential commercial applications 
of their research. 

Although there is little cause 
for concern about recent practices 
01 the results of thei:e practices, it 
is important that the broad 
implications of these changes be 
understood, appreciated, and 
continuously monitored by the 
universities themselves. The long- 
term health of the university 
research system is of such great 
importance to the technical 
enterprise of this country that 
every effort must be made to 
explore the implications of new 
arrangements before problems 
arise. 



H These implications can best 
be explored by undertaking a 
study of 

□ how U.S. colleges and 
universities are affected by 
their activities in various 
aspects of the commercializa- 
tion of products and processes 
and 

□ the means by which technical 
und rstanding and develop- 
mc-^ts are transferred to 
industry. 

The objective of this study 
should be the exploration of 
various means for 

□ improving the capability of the 
university to participate in R&D 
important to industry; and 

□ enhancing the effectiveness by 
which the results are transferred to 
industry. 

The challenge, of course, is 
ensuring that this involvement does 
not compromise the primary 
functions of univ^ersitics in research 
and teaching or lead to a reduction 
in the open communication of aca- 
demic research. This national 
evaluation should be of particular 
value to university administnitors 
who are examining the opportu- 
nities and needs for working more 
effectively with the commercial 
sector 



Noting that some ^ispects of 
these issues have been examined in 
recent studies, this committee urges 
that the study concentrate on those 
aspects of university-industry 
relations that have the potential to 
affect universities adversely. 
Duplication of earlier efforts should 
be avoided. Various groups, 
including the White House Science 
Council, the National Science 
Board, the American Association of 
Universities, or the Government- 
University-Industry Research 
Roundtable, could appropriately 
sponsor or conduct such a study. 
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^ V dtwation is a social 
process, perhaps the 
JLJ most importavt process 
in determining the future of 
our country; it should 
command a far larger portion 
of our national income than it 
does today. 

James B Conant 



Maintenance of our national 
competitiveness requires a literate 
and broadly trained work force 
that can respond to increasingly 
rapid changes in the workplace. 
The responsibility for ensuring that 
our populace is prepared for this 
changing work environment is 
shared by all elements of our 
society — the ftimily, the genera, 
public, the employer, the individ- 
ual, professional societies, and the 
education system. Furthermore, 
both young and old, labor and 
management, government and 
industry must recognize that a 
rapidly changing world demands 



that the educational experience not 
cease with the completion of a 
particular level of formal education. 
Central aspects of a successful 
career are a commitment to «:ontin- 
uous learning and inquir)^ about 
the unknown as w^ell as a realizii- 
tion that learning and personal 
development are lifelong processes. 

Encouraging and supporting 
these personal characteristics is a 
critical element in the development 
of an adaptive and effective work 
force. Achieving a literate work 
force that is committed to continu- 
ously upgrading its capabilities will 
require significant efforts. This 
nation must place a high prior- 
ity on improving its education 
system and must commit itself 
to making the investments that 
will be required to achieve this 
goal. Quality in education is 
every bit as important to the 
United States as is quality in 
products, services, or 
government. 



merica *s ability 
JLm to compete in world 
Ml markets is eroding. . . . 
As in past economic and 
social crises, Americans tum 
to education. They rightly 
demand an improved supply 
of young people ivith the 
knowledge . . . and skills to 
make the nation once again 
fully competitive. 

Source. 26 
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Actions Related to 
Primary^ and Secondary 
Education 



Ti he educational 
foundatiofts of our 
society are presently 
being eroded by a rising tide 
of mediocrity that threatefts 
our very future as a nation 
and as a people. Our once 
unchallenged preeminence in 
commerce, science, and 
technological innovation is 
being overtaken by 
competitors throughout the 
world. 

Source: 27 



To be illiterate in a technologi- 
cally dependent society is to be 
trapped. Literacy is a condition for 
entr)' into most positions in the 
manufacturing and service sectors. 
Advancement and upward mobility 
depend increasingly on skills 
gained in primar)' and secondary 
education. Moreover, the evidence 
is clear that a worker without the 
biusic skills in reading, wTiting, and 
arithmetic requires a longer period 
to find a new position after a 
dislocation in employment than 
does a worker with those skills. 

None of these factors is likely 
to change significantly in the near 
future. Prediaions of the changing 
occupational structure suggest that 



many of the job categories that 
exist today ^^111 grow by the year 
2000. Although some projections 
suggest that the number of 
positions that can be filled by 
either unskilled or semiskilled 
people will decrease in the future, 
there is no consensus on this point. 
There is little reason to believe, 
however, that the importance of 
literacy to the employee or to the 
employer will be less in the future 
than it is today. If we are to 
remain competitive, our work 
force must receive training that 
is equal to or better than that 
received by the work forces of 
nations that are our strongest 
competitors. This must become 
our national goal. 
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The Changing Occupational Structure, 1984-2000 









Rata of 




Current Jobs 


New Jobs 


Growth 


Orninaflnn 


^nnnc\ 


VUUUS) 


(Percentage) 


Total 


105,008 


25,952 


25 


Service Occupations 


16,059 


5,957 


37 


Managerial and Management- 








Related 


10,893 


4,280 


39 


Maiketing and Sales 


10,656 


4,150 


39 


Administrative Support 


18,483 


3,620 


20 


Technicians 


3,146 


1,389 


44 


Health Diagnosing and 








Treating Occupations 


2,478 


1,384 


53 


Teachers, Librarians, and 








Counselors 


4,437 


1,381 


31 


Mechanics, Installers, and 








Repairers 


4,264 


966 


23 


Transportation and Heavy 








Equipment Operators 


4,604 


752 


16 


Engineers, Architects, and 
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DUU 


A H 
41 


Construction Trades 


3,127 


595 


19 


Natural, Computer, and 








Mainemaiicai ocieniists 


647 


442 


68 


Writers, Artists, Entertainers, 








ana Ainieies 


l,Uy2 


425 


39 


Other Professionals and 








Paraprofessionals 


825 


355 


43 


Lawyers and Judges 


457 


326 


71 


Social, Recreational, and 








Religious Workers 


759 


235 


31 


Helpers and Laborers 


4,168 


205 


5 


Social Scientists 


173 


70 


40 


Precision Production Workers 


2,790 


61 


2 


Plant and System Workers 


275 


36 


13 


Blue Collar Supervisors 


1,442 


-6 


0 


Miners 


175 


-28 


-16 


Hand Workers, Assemblers, 








and Fabricators 


2,604 


-179 


-7 


Machine Setters, Operators, 








and Tenders 


5,527 


-448 


-8 


Agriculture, Forestry, and 








Fisheries 


4,480 


-538 


-12 



Many recent studies have 
analyzed and presented recom- 
mendations for increasing the 
general literacy of the work force 
of the United States. They all focus 
on the need for a naiional 
strategy that will intensify 
current efforts to improve 
public education at primary 
and secondary levels. A key 
ingredient in accomplishing 
this goal is the establishment of 
firm and realistic objectives to 
guide continuous improvement 
of school programs. Clear 
measures must be identified 
for determining progress 
against these objectives* 



Source: 28 
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Objectives for achieving 
continuous improvement should 
be established in aich of the 
following areas: 

□ the capability and qualification 
of the teachers in the subjects they 
teach; 

□ the level of performance of 
students in the b:\s\c skills of 
reading, writing, and arithmetic; 

□ the fraction of students that 
complete grade 12, particularly for 
minorities and disadvantaged 
youth; 

□ the recognition and 
encouragement given to the ex- 
ceptional student with unusual 
capabilities or skills; 

□ the treatment of mathematics, 
science, and technology in the 
curriculum; and 

□ the number of qualified students 
wtio receive encouragement and 
ultimately choose to obtain Lollcge 
and university training in science 
and engineering. 



The future supply of engineers 
and scientists is determined in no 
small way by the early gencnil 
training that students receive. The 
successftil completion of early 
courses in mathematics and science 
and the encouragement for 
students to continue with a career 
in science or engineering are 
critical elements affecting career 
choices. To enhance the oppor- 
tunities and interest of students in 
pursuing a career in science and 
engineering, primary and 
secondarj^ school systems should 
establish objectives for 

□ improving the quality of 
mathematics and science program:;, 
and 

□ developing opportunities for 
students to understand more 
completely the nature of a 
technical career. 

In accomplishing the objec- 
tives lis. M above, the nation must 
kx^ognize tii^ lense compc aun 
that exists fron^ other sectors for 
the skills that good teachers of 
science and mathematics possess. If 
the best-qualified teachers arc to be 
retained lu the school systems, 
increiised effort must be made to 
provide salanes and benefits that 
are competitive with other sources 



of employment. In addition, it is 
important that the working 
conditions for teachers be 
improved so that they experience 
incre^ised professional recognition 
and opportunity for professional 
development. 

Although the primary and 
secondary schools depend on 
strong ix)pular support iis they 
strive to provide a sound h:]s\C 
education, ways must also be 
found to motivate individual 
students and their families. Ways 
must be found to attract back into 
the education system the student 
who has dropped out or been 
excluded. Scif^ntists and engineers 
can contribute by participating 
more actively in working to 
improve the education programs 
of local schools. Interested 
individuals who have experience in 
technical fields can significantly 
encourage minorities to continue in 
school,^ increase the attention given 
to potential science and 
engineering students, and support 
specially talented students. 
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Actions Related to 
Higher Education 

The U.S. system of higher 
education ranks among the best in 
the world in providing both 
undergraduate and graduate 
students with an enriching 
experience in education. The 
diversity of academic programs and 
the variety of institutions, many 
with special areas of emphasis, 
have provided a system that is the 
envy of most other nations. 
Engineering education enjoy? the 
benefits of this diversity through 
both the various courses offered 
and the variety of research oppc 
tunities available 

The goals for undergraduate 
engineering education, while 
varying among schools, are 
generally contained in those 
currently under discussion at the 
Massachusetts Institute of 
Technology. These goals, :\s slated 
by Jack L, Kerrebrock, MIT, are 
'Tirst, that engineering under- 
gradi'.ates should have begun to 
underst-and the diverse history of 
human societies as well :\s their 
literary ,^ philosophical, and anistic 
traditions; and se':ond, that these 
students should have begun to 
understand and respect the 
economic, managerial, political, 
social, and environmental issues 
surrounding technical 
developments." 

Achievement of these goals 
requires that the system of higher 
education be capable of responding 
to new opportunities in course 
content and rese-arch and that it 
continue to attract the best 
students to its programs. 



New Programs 

The recognition that m^iny 
technical areas are increasing in 
importance to industry, and the 
growing interest of students in 
exploring areas that relate to the 
needs of industry, have encouraged 
many colleges and universities to 
experiment with new ways of 
offering students an opportunity to 
study and to develop special skills. 
The recent emergence of p^'ograms 
focused on manufacturing is an 
important example of this 
phenomenon. Although manufac- 
turing engineering has not been a 
traditional area of academic 
concentration in recent years, this 
has changed with the increising 
emphasis on competitiveness and 
the evolving opportunities to 
expand the technologies used in 
manufacturing. 



EXAMPLES OF I986 ACCREDITED 
PROGRAMS IN MANUFACTURING 
ENGINEERING AND 
TECHNOLOGY 

MANUFACTURING 
ENGINEERING 
Master's degree 

I 'nuvrsi'/y of Mcisscu/jiisetts 

Oregon Slate University 
Bachelor's degree 

lk)Ston University 

I tah State I niversity 

ENGINEERING TECHNOLOGY 

Bachelor's degree 

Manujacturing engineering 

technology 
Arizona Stcite I nii ersity 
Milivdnkte Sthool oj Ijigineermg 
\eiv Jersey Institute oj 

1 eehnology 
Brigluini } <)nng Uniivrsity 
Rochester Institate 0/ 1 ethnology 
I niivrsity of Xehraska at 
Oma/ui 

Oregon Institute of l ethnology 

M(inn/(ictnnng /;ro( esses 
( (ili/ornid Polytethnii State 
I inivrsit]' 

Miinnjdetnnng tet hnology 
Oklahoma State Uniivrsity 
Indiana l^nrdue a! I'oit W ayne 
\leni/)his State I inversity 
{ niivfsity oj Houston 

Source 29 
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New research programs and 
organization^ are focusing on a 
number of technologies of 
importance to competitiveness. 
Examples of these are the 
Engineering Research Centers, 
sponsored by the National Science 
Foundation and located at univer- 
sities throughout the country\ 
Several other industrially oriented 
academic centers, including many 
state-sponsored university-industry 
technology programs, are in active 
operation. The fields of engineering 
research being pursued in these 
centers cover a wide range, 
including the design, fabrication, 
and application of microelectronics 
for intelligent manufacturing 
systems; submicron structures; 
biotechnology; composites 
manufacturing science and 



engineering; ' * near- net-shape" 
manufacture of discrete component 
parts; combustion, telecommuni- 
cations, steel processing, nteractive 
graphics; and large-scale structural 
design. Many of these activities 
have proved attractive for both 
jjraduate and undergraduate 
students. These programs have also 
increased the opportunities for 
enhanced interaction with industr}\ 

Additional opportunities exist 
for developing new curricula 
oriented toward exploring the 
entire commercialization process in 
industry— the product realization 
process. Other opportunities exist 
for developing curricula and 
research programs that are oriented 
toward the particular technological 
needs of service industries, 
curricula that expand the 
understanding of the R&D process 
and the management of 
technology, and continuing 
education courses for practicing 
engineers and scientists. 



This committee encourages 
universities to expand existing 
programs and to develop additional 
courseb and research programs that 
relate directly to the technologies 
Important to U.S. competitiveness. 
Resources need to be provided 
to colleges and universities to 
encourage experimentation 
and establishment of new 
programs and curricula that 
will lead to improved indus- 
trial competitiveness. 
Government and industry must 
share in providing the 
necessary resources. 



ERLC 



60 Ob 



Developing A Competitive Work Force 



Studeat Demographics 

One measure of the high 
regard in which our system of 
higher education is held is the large 
number of foreign nationals that 
come to tins country to study and 
to do research. This mixture of 
people of many backgrounds 
enriches the educational experience 
for all participants. There is, 
however, concem both with the 
high fraction of foreign-national ► 
students in U.S. graduate 
engineering programs and with the 
number of foreign-born faculty 
members in entry-level positions in 
engineering schools — more than 50 
percent in 1985. A. 

A more serious concern is the 
small and declining proportion of 
U.S. citizens who are studying for 
advanced degrees in engineering. 
The number of doctoral degrees 
awarded to foreign engineers has 
nearly doubled between I960 and 
1984. 




Engineering doctorates awarded to U.S. citizens and to 
holders of temporary visas, 1970-1985. 

Source. 30 




1975 



1977 



1979 



1981 



1983 



1985 



Foreign-born engineers as a percentage of all U.S. 
engineering assistant professors, age 35 or less, 
1975-1985. 



Source' 30 
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□ Business/Industry ^ Education □Government I I Other 



Percent of foreign engineers by sector of employment, 1982. 
NOTE: Includes only individuals reporting 
employment in engineering occupations in 1982. 

Source 30 
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Not only are fewer U.S.-born 
students entering the technical 
labor force, but present immigration 
laws limit the opportunities for U.S. 
firms to employ the foreign 
nationals who have been trained 
and have graduated from U.S. 
colleges and universities. About 23 
percent of foreign engineering 
graduates w^ho received a B.S. 
degree and 18 percent of those 
receiving an M.S. degree during the 
1982/1983 academic year were 
employed in the United States in 
1984. Nearly 40 percent of the 
1985 foreign graduates with 
temporary visas indicated that they 
planned to seek immediate 
employment in the United States, 
and more than half of the foreign 
engineers employed in this country^ 
work for business and industry. 
Also, if histoncal trends persist, 
many of those who initially find 
employment overseas will later 
return to the United States. 



The general conclusion that 
can be drawn from these statistics, 
however, is that a significant 
fraction of the foreign-born 
technical professionals who were 
trained tn this county are not 
immediately employed here. 
Both problems— the dearth of 
U.S.-born students with advanced 
degrees in engineering and the 
difficulty of retaining foreign-born 
engineers educated in the United 
States— need to be addressed. 

M The federal government 
should develop an incentive 
program to encourage more 
U.S. citizens to continue to 
pursue advanced technical 
degrees in fields that are 
increasingly dominated by non- 
U.S. citizens. 



Such incentives could include 
augmentation of graduate student 
stipends, tax advantages for 
individuals pursuing graduate study 
in a technical field, a substantial 
increase in the number of national 
fellowships for students in 
technical fields, and incentives to 
industry^ to sponsor graduate 
technical education for w^orking 
engineers and scientists. 

■ Additionally, consideration 
should be given to modifying 
existing laws and regulations 
that prevent retention of 
U,S.-educated foreign nationals 
with advanced degrees in 
science and engineering. These 
scientists and engineers represent a 
valuable human resource that 
should be available to U.S. 
employers. 
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Actions Related to 
Continuing Education 

It has become increasingly 
clear that lifelong learning is critical 
if our citizens are to cope 
effectively with the complexities 
and rapid changes of modern 
society. Without it, they will be 
less able to take advantage of the 
many opportunities that our system 
offers. Technological obsolescence 
can reduce the effectiveness of 
people at ail levels — the engineer, 
the manager, or the worker on the 
line. New entrants to the work 
force will need an update in their 
technical knowledge base in three 
to seven years. Because at least 
three-quarters of today's work 
force will still be working in the 
year 2000, it is clear that career- 
long education and training are an 
urgent need. 



The substantial benefits of 
continuing education are shown by 
data gathered on more than 1 
million experienced workers (those 
with at least three years' tenure in 
their jobs) displaced in 1979-1983, 
workers with higher levels of 
training in job-related skills 
experienced shorter periods of 
unemployment and found better- 
paying jobs than their less-skilled 
colleagues. 



The annual cost of the total 
learning enterprise (all public and 
private expenditure on elementary, 
secondary, and postsecondary 
education; informal and formal 
employee training, and government 
training for civilians) is estimated to 
have been over S450 billion in 
1985. Nearly half of this amount 
was spent for formal and informal 
employee training. In 1987 more 
than 23 million people were 
enrolled in some form of adult w 
education. Of this number, nearly 
20 million were in the labor force, 
either currently employed or 
seeking reemployment. 
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Adult Education Activity in the United States 



Reasons for study (1984)' 


Number of courses 


Percentage of total 




taken (OOO's) 


courses taken 


To get new job 


4,803 


12 


To advance In 






current job 


19,702 


48 


Other job related 


1,656 


4 


Not job related 


14,590 


36 


Total courses taken 


40,751 


100 


Provider of instruction (1981)^ 




Percentage of total 






courses provided 


School (High; trade & vocational; 2 & 4 yr. 




coiieges; universities) 




53.9 


Business or industry 




13.7 


Private connnrjunity organization 


8.5 


Labor or professional organization 


5.0 


Government agency 




7.8 


Other 




11.1 


Total 




100* 



*24.8 percent of all courses were provided by employers. 
^Source* 31 
"Source 32 



W^ngitteers can be produc- 
live . . . over a longer 
JLj period, thus increasing 
the size and effectiveness of the 
etigineering work force, if they 
have access to effective 
continuing education. Needs of 
engineers for lifelong 
maintenance of competence 
through continuing education 
are met by a variety of means, 
including employers, 
professional/technical societies, 
academic institutions, private 
vendors, on-the-job learning, 
and the individual initiative 
of the engineer. TTie various 
providers of continuing 
education should keep these 
educational sources available 
to the practicing engineer . . . 
should expand their offerings 
. . . and should recognize the 
value of continuing education 
in improving the effectiveness 
and adaptability of their 
ettgineering employees. 



Source 33 
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INSTITUTIONAL AND INDIVIDUAL 
COMMITMENT TO LIFELONG 
EDUCATION SHOULD BE 
ENCOURAGED AND 
STRENGTHENED 

rt he primary respon- 
sibility to undertake 
such education lies with 
the individual. Hotvever, 
industry and government must 
recognize the importance of 
continuing education and 
place a high priority on 
providing opportunities and 
support for work force 

participation Continuing 

education is particularly 
important for the technical 
workforce which must keep 
abreast of rapidly changing 
technology. Coupled with 
retraining, continuing 
education also plays a vital 
role in easing displaced 
workers into new careers. 

Source 34 



Once a worker hiis been hired, 
the most important source uf skill- 
improvement trairnng is the 
employer. The dominant role of 
employers in funding and 
providing career training strongly 
influences who receives training. 
College graduates are twice as 
likely to receive such training, 
where^is those with less than a high 
school education are only one- 
fourth as likely to receive career 
trainmg. Other differences arise 
because employees in larger firms 
receiv^e moie training tnan 
employees in smaller firms, and 
employer-provided traming is 
greater in technologically dynamic 
industries than in others. 



Career-long educational needs 
of the work force are extraordi- 
narily diverse and the vSpecial 
demands of career-long education 
are not entirely congruent with the 
methods and tempo of the es- 
tablished academic system Also, 
education is obviously not the 
priman^ goal of most businesses. As 
a consequence, career-long edu- 
cation IS not practiced as widely :\s 
it needs to be to cope with 
technological change and to 
enhance national productivity. 
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Where investments have been 
made in career-long education, a 
variety of training systems have 
arisen, from short special lectures 
to full courses giving academic 
credit. Many of these education 
programs are excellent and merit 
wider dissemination and use. 

The federal government 
involvement in continuing 
education has been largely indirect. 
Recent changes in the tax law now 
make employer-provided tuition 
taxable income for the employee. 
This change creates an additional 
disincentive for continuing 
education. 

The economic competitiveness 
of this nation is intimately tied to a 
work force capable of using 
modern tools and technology. 
Because career-long education is an 
increasingly important element in 



maintaining the viability of the 
work force, a maj^^r challenge is to 
ensure that American industry 
creates an environmciii that will 
stimulate personal career 
development and intellectual 
growth. 

■ The long-range needs for a 
capable and adaptive work 
force require that continuing 
education become an integral 
part of the career development 
of each individual, particularly 
of every scientist and engineer. 
Industry, government, the 
professional societies, and the 
educational institutions share 
the responsibility for creating a 
system that will be of high 
quality and will encourage the 
employee and the employer to 
invest in obtaining skills of 
future value both to the 
individual and to industry. 



THE IMPORTANCE OF 
CONTINUING EDUCATION 

C} ontiniiing education is 
an efitity in itself and 
can no longer be vieu^ed 
as an ''add-on** role of 
industry or acadeniia. . . . 
Continuing education ... 15 
essential to increasing 
national productivity. 

Source 55 
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Tfbe conclusions and recommendatiofts in this 
report reflect the commiltee's concents with 
maintaining U.S. competitiveness. The committee 
is hopeful that readers will recognize and endorse a 
pervading theme of the report — the concept of 
continuous improvement. The same logic that applies 
to production processes — that opportimities alivays 
exist to improve the performance of the 
system — applies to the activities of government, 
industry, academia, and othet* institutions. In 
productioft etivironmetits long-tefyfi perfonnance 
depeftds on a commitment to make all elements of the 
system more evident — to produce high quality and 
quantity using feu^er resources. Long-term U.S. 
perfonnance depends idtimately on the satne comtant 
concern with improving the perfonnance, quality, and 
efficiency of all of our institutions. The reasoning, 
conclusions, and recommendations in this report 
reflect the comfnittee's understanding of continuous 
improvement in production and the committee s belief 
that the concept has much to offer in nonproduction 
environments. 
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